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NOMENCLATURE

A

[B]
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E

e l, e 2

G

tt
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 5(z)
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discrete ring cross-section area

kinematic relations in finite form, Eq. (8)

constitutive equation coefficients, Eq. (0), or Eq. (15)

radial, axial components of reference surface discontinuity (Fig. 19)

displacement vector [u,v,w]

Young's modulus

radial, axial components of discrete ring eccentricity (Fig. 21)

shear modulus

discrete ring constitutive law, Eq. (69)

radial line load applied at discrete ring centroid (Fig. 21)

finite difference mesh spacing (Fig. 3)

discrete ring moment of inertia (subscripted)

local mesh point number in current shell segment, JSEG

quantity of w-mesh points in Ith segment, not including "fictitious"

points

discrete ring torsion constant

[KI] , [K2] , [K3] matrices, Eq. (37)

K constraint condition multipliers, Eq. (4)

length of finite difference element (Fig. 3)

M line moment applied at discrete ring centroid (Fig. 21); bending

moment resultants (subscripted) (Fig. 35)

n number of circumferential waves; also n-axis in s-n system

(Fig. 20)

N in-plane stress resultants (subscripted) (Fig. 35); number of

circumferential waves

NSEG quantity of shell segments
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T s , T r
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U

U s , U r

Upl' Up2

U
C
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6u, 6v, 6w

x_ y

x

z

i

6j

C

[cJ

pressure and surface traction components (Fig. 35)

"pressure-rotation" matrix, Eq. (42)

normal pressure, positive as shown in Fig. 20

dependent variables of energy

parallel circle radius, Fig. 20

radius of curvature (subscripted), (Figs. 20, 35)

meridional arc length. Also s-axis in s-n system (Fig. 21)

shear force/length applied to discrete ring axis (Fig. 21)

shell thickness

temperature rise above zero-stress state

kinetic energy of shell, ring

meridional, axial displacement (Fig. 20)

total potential energy

strain energy of shell, ring

potential energy of line loads, distributed loads

constraint "energy"

circumferential displacement (Fig. 35 )

normal, radial displacement (Fig. 20)

infinitesimal variations in u, v, w

axis system attached to discrete ring centroid (Fig. 21)

also denotes eigenvector

distance from reference surface, positive outward (Fig. 35)

coefficient of thermal expansion

rotation around normal, Eq. (40)j (Fig. 35)

0 if i _ j ; 1 if i = j

reference surface strains (subscripted) Eq.(O)

strain vector, Eq. (i)
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k i

[KX ]

×

0

T

U

Subscripts

C

f

i

LIN

min, max

n

NL

P

r

discrete ring strain vector, Eq. (67)

Lagrange multipliers for constraint conditions

eigenvalue for bifurcation buckling

constraint condition vector, Eq. (4)

reference surface changes in curvature; discrete ring

axis changes in curvature

eigenfrequency

rotation about meridian, (Fig. 35), Eq. (40)

derivative of total potential energy U with respect to qi

rotation of meridian, (Fig. 20), Eq. (16)

discrete ring material density {Ib/in 4)

normal stress

shear stress

circumferential coordinate

Poisson's ratio

discrete rlng centroid. Displacements Uc_ Vc, Wc shown in
Fig. 21

"fixed" quantity

ith mesh point

including only terms linear in displacements

minimum, maximum

circumferential wave number; also n-axis in s-n system (Fig. 21)

including only terms nonlinear in displacements

polar

discrete ring quantity
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V

x_ y, xy

0_O

i, 2

12

shell, or with respect to axis parallel to shell meridian,

or portion of strain independent of prestress

differentiation with respect to time

variable quantity

with respect to x-y system (Figs. 20, 21)

prebuckling quantity

meridional, circumferential directions

shear, twist

Superscripts

f

ff

W

fv

T

V

()"

()'

@

0

i

"fixed" quantity

prestress strain terms quadratic in "fixed" disp±acements

prestress strain terms quadratic in "variable" displacements

prestress strain terms involving cross-products between

"fixed" and "variable jj displacements

transpose, thermal effect

"variable" quantity

meridional discontinuity (Fig. 20)

differentiation with respect to circumferemtial coordinate e

differentiation with respect to meridional arc length s

axial, radial system (u* *, w , for example, Fig. 20)

prestress state (zeroth order in variations 8u, By, 8w)

first order variations (linear in 6u, 6v, 6w), or first order

(linear) prestress terms
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order (quadratic) prestress terms



Section i

THESCOPEOFTHE B_S_R4 COMPUTER PROGRAM

1.0 Introduction

Trm B_S_R4 computer program was de_eloped in response to the need for

a tool which would help the engineer to design _ractical shell structures.

An important class of such shell structures includes segmented, ring-stiffened

branched shells of revolution. These shells may have various meridional

geometries, wall constructions, boundary conditions, ring reinforcements, and

types of loading, including thermal loading. An example is shown in Fi 6. i.

The meridian of the shell of revolution consists of six segments with various

geometries and wall constructions. The first segment (nearest the bottom,

end '_") is a monocoque ogive with variable thickness; the second is a conical

shell with three layers of temperature-dependent, orthotropic material; the

third is a layered, fiber-wound cylinder; the fourth is a toroidal segment

with eccentric rings and stringers; the fifth is a spherical segment with

eccentric rings and stringers; and the sixth is a flat plate with sandwich

construction and eccentric meridional stiffeners. The reference surface is

indicated by the dark dash-dot line. It is seen that the meridian of the

composite shell structure is discontinuous between the first and second i____

segments, the second and third segments, and t_e third and fourth segments.

In the analysis these discontinuities are accounted for. The shell is 2

supported at the end '_" by a ring which is restrained as shown: displace :-

Jments u and w are not permitted at the point '_" which is located a

!

specified distance from the beginning of the reference surface. In the

I
analysis of actual shell structures it is important that support points,

junctures, and ring reinforcements be accurately modeled. Seemingly in-

significant parameters sometimes have a large effect on the stress, buckling

loads, and vibration frequencies. The shell is reinforced by 6 rings of

rectangular cross-section, the centroids of which are shown in the figure.

These rin_s are treated as discrete elastic structures in the analysis. The

shell is submitted to uniform external pressure (not shown), line loads

appl:[ed at the first and second rings, and the thermal environment depicted

on the second segment.
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Figure 2 showsa branchedshell typical of a submarinepressure hull.
The hull contains three bulkheadswhich are treated as shell branch segments
Q , Q , and O " The hull is reinforced by T-section heavy frames
which can be treated as discrete rings or branches from the main shell.

Arrows show increasing arc length, s.

The BpS_R4 program is very general with respect to the t_0e of analysis

which it will perform. Depending on the value of a control integer, the pro-

gram will calculate axisymmetric stresses and displacements from a nonlinear

theory for a series of step-wise increasing thermal or mechanical loads; will

determine critical loads corresponding to axisymmetric collapse; will deter-

mine buckling loads corresponding to nonsymmetric buckling modes for a range

of circumferential wave numbers, seeking the minimum load; will calculate

vibration frequencies of prestressed shells corresponding to axisymmetric

and nonsymmetric modes; will calculate displacements and stresses in non-

symmetrically loaded shells, and will calculate buckling loads of nonsym-

metrically loaded shells. The program is an extension of the programs B_S_R,

B_S_R2, and B_S_R3 described in Refs. i, 2, and 3, respectively.

Other computer programs have also been written for the analysis of shells

of revolution. In his computer analysis Cohen (Ref. 4) uses a step-by-step

numerical integration technique to calculate buckling loads of ring-stiffened

orthotropic shells of revolution. Kalnins (Ref. 5) employs a similar method

to calculate nonsymmetric deformations of segmented shells of revolution sub-

mitted to nonsymmetric loads. Percy, Plan, Klein, and Navaratna (Ref. 6) use

the finite element method for the linear stress analysis of general shells

of revolution. Navaratna, Pian, and Witmer (Ref. 7) extend the analysis of

Ref. 6 to treat buckling of shells of revolution. The work of Eels. 6 and 7

led to a series of computer programs under the name SABOR. The latest program

in this series, SABOR5-DRASTIC, is documented in Ref. 8. Other computer pro-

grams on stress, buckling and vibration of shells of revolution have been

written by Fulton and his co-workers (Eel. 9).

The assumptions upon which the B_S_R4 code is based are:

i. The material is elastic.

2. Thin shell theory is valid_ that is, normals to the undeformed surface

remain normal and undeformed.

1-2



3. The structure is axisymmetric, and in vibration analysis and nonlinear

stress analysis the loads and prebuckling or prestress deformations

are axisymmetric.

4. The prebuckling deflections, while considered finite, are moderate.

That is, the square of the meridional rotation can be neglected

compared to unity.

5. In the calculation of displacements and stresses in nons_mmetrically

loaded shells, linear theory is used. This branch of the program is
based on standard small-deflection analysis.

6. A typical cross-section dimension of a _ stiffener is small compared

to the radius of the ring.

7. The cross-sections of the rings remain undeformed during the deforma-

tions of the structure, and the rotation about the ring centroid is

equal to the rotation of the shell meridian at the attachment point of

the ring. (Except, of course, if the ring is treated as a shell branch.)

8. The ring centroids coincide with the ring shear centers.

9. If meridional stiffeners are present, they are numerous enough to

include in the analysis by an averaging or "smearing" of their prop-

erties over any parallel circle of the shell structure.

One of the more important extensions of the analysis of Ref. 3 is the

capability of treating branched shells. This extension permits, for example,

the analysis of pressure hulls with bulkheads; the treatment of ring-stiffened

shells as shells with branches, thus accounting for the deformation of ring

cross-sections; and the investigation of double-hulled vessels.

Two additional important extensions of the analysis include variable mesh

point spacing within each shell segment and a reformulation of the buckling

eigenvalue problem to account for prebuckling shape change of the shell in

linear buckling analyses.

The B_S@R4 code is easy to use yet very general with respect tc the

i. Type of analysis to be performed

2. Geometry of the shell meridian

3. Type of wall construction

4. Type of boundary conditions and rin____gsupports, and branching configuration

5. Type of loading

1-3



i.i Types of Analyses

The program can perform various types of analyses (see Fig. 24a). The

choice of analysis is governed by an integer INDIC. The overall control in

the program depends on this integer• The relationship between INDIC and the

type of analysis to be performed is as follows:

INDIC = -2 . • Stability determinant calculated for given circumferential

wave number N for increasing loads until it changes

sign• Nonlinear prebuckling effects included• INDIC

then changed automatically to -1 and calculations pro-

ceed as if INDIC has always been -1. (See INDIC = -1.)

See Table lO, Fig. 36, Page A93 -AlO1 for sample case.

-i . • Buckling load and corresponding wave number N deter-

mined, including nonlinear prebuckling effects. Initial

load estimate and range of N provided by user. N

corresponding to local minimum critical load is auto-

matically sought. See Table 5, Fig. 27, Pages AI4 -

A29 for sample case.

• Axisymmetric stresses and displacements calculated for

a sequence of stepwise increasing loads from some start-

ing value to some maximum value, including nonlinear

effects• Axisymmetric collapse loads can be calculated.

See Table 6, Fig• 28, Pages A30 - A38 for sample case.

• Buckling loads calculated with linear bending theory

for the prebuckling analysis. Buckling loads calculated

for some range of wave numbers. Several buckling loads

for each wave number can be calculated. N correspond-

ing to minimum critical load is not sought automatically,

however. See Table 4, Fig. 26, Pages AI -AI3 for sample

case .

2 • • Vibration frequencies calculated, including the effects

of prestress obtained from nonlinear analysis, for a

range of wave numbers. See Table 8, Fig. 30, Pages

A58 - A75 for sample case.

.

• Nonsymmetric stress and displacements calculated for a

range of wave numbers for nonsymmetrically loaded shell•

Linear theory used• See Table 7, Fig. 29, Pages A38 -

A58 for sample case.

• Buckling loads calculated for nonsyn_netrically loaded

shells. Prebuckled state obtained from linear theory

or read in directly. 'Worst" meridional prestress dis-

tribution assumed axisymmetric in stability calculations.

Several buckling loads for each wave number N can be

calculated. N corresponding to minimum critical load

not sought automatically. See Table 9, Fig. 31, Pages

A75 A92 for sample case.
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1.2 Geometry of the Meridian of Each Segment

The entire shell structure consists of a number of shell segments joined

together in series or branched. The reference surfaces of adjacent segments

need not be continuous, as seen in Fig. i. Both axial and radial discontinu-

ities are permitted. In the determination of the geometry parameters of each

segment flexibility is provided through a "computed GO TO" statement, in which

control is referred to various subroutines called GEOMI, GEOM2, etc. Each of

these subroutines calculates geometry parameters r, r _, I/RI_ I/R 2, and

(I/RI)' (Fig. 20) as functions of meridional arc length, s. For example,

GEOMI corresponds to cylindrical or conical shells or flat circular plates;

GEOM2 corresponds to spherical, toroidal, ogival segments; and GEOM4 corres-

ponds to general meridional shapes. Additional shell types can be accommo-

dated by the insertion of other subroutines to calculate parameters for a

specific geometry where dummies are now provided. Reference surfaces can be

located anywhere inside or outside the shell walls. For the purpose of sign

convention, the shell is always depicted with the axis oriented vertically

and the meridian on the right-hand side of the axis, as shown in Figs. i, 2

and 33-35.

The geometry parameters r, r', I/R I, I/R 2, and (i/Rl)l refer to a

reference meridian; which need not be the '_iddle" surface. Figure 33 shows

several shapes for which special branches are provided. Figure 34 shows a

variable thickness shell with the reference surface. Appropriate input data

determine the geometry of the reference surface. Additional input data are

required for determination of the location of the material of the shell wall

relative to the reference surface. An example of these data is given in

Fig. 34. ZVAL(K) is positive if at the K th callout point, IZVAL(K), material

exists on our left-hand-side if we face in the direction of increasing arc

length s. (Arc length s is measured along the reference meridian.) The

sketches below illustrate this sign convention.
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II/!'
Zls 1-----_ ,,,_4 Zls 1__-----_/_,i A_

ZVAL(I) > > ZVAL(I) >0

zv ,, o o
> > ZVALiZ)>0 " "_=

ZVAL(3) < O / ZVAL(3 ) >

z ZVAU4)<o =, =lzvAL(4)>o
r -_--r ,----_r

The concept of "inner" and "outer" surface is not general enough for

proper application of B_S_R4. However, stresses are so labeled in output

lists and plots. The user will interpret this output correctly if he trans-

lates "inner" as "left-most surface" and "outer" as "right-most surface",

in which "left" and "right" are referenced to the direction of increasing

arc length s. For example_ in the above right-hand figure for the ZVAL

sign convention_ the "inner" surface in the sense just described is actually

the outer surface in a physical sense. For simple problems the user is ad-

vised to follow the convention shown in the left-hand figure above. In-

creasing s is in the "northeastward" direction. Then "inner" and "outer",

as defined precisely_ generally coincide with the simple physical connotation.

1.3 Wall Construction of Each Segment

With regard to type of wall construction_ the following special branches

calling for simple input data are provided:

i. Monocoque shells

2. Shells with skew stiffeners

3. Fiber-reinforced shells laid up in layers (fiberglas)

4. Layered shells with orthotropic layers

5- Corrugated shells

6. Shells with one corrugated and one smooth skin

1-6



7. Layered shells with orthotropic layers, each layer of which
has temperature-dependentmaterial properties.

Any of these types of shells canbe reinforced by two types of stiffeners:
(i) rings and stringers which are "smearedout" in the analysis (as in the
analysis of Ref. i0) and (2) by the addition of rings which are treated as
discrete elastic structures. In Ref. i0 the B_S_R2programis used to cal-
culate buckling loads of externally pressurized cylinders reinforced by many
small rings, which are "smearedout" in the analysis, and by large frames
which are treated as discrete elastic structures. A test case in this manual

provides an additional example. The shell wall properties are permitted to
vary along the meridian. The "smeared"ring and stringer properties are also

permitted to vary along the meridian. A structure composedof manysegments
can be ana]yzed, and the properties of each shell segmentare independent of
those of the other segments. The structure of a typical input deck is shown

in Fig. 25.

In B_S_R4the wall properties of each segmentare determined in one of
the subroutines CFBI, CFB2,etc. Eachof these subroutines calculates the
coefficients C.. of the constitutive equations for a given type of shell

i,
wall construction. Additional wall constructions can be accommodatedby the

insertion of appropriate subroutines. Details of the derivation of the co-
efficients of the constitutive equations are given in Ref. 3, Ref. ii, and
in the list of the B_S_Rhprogramitself.

The coefficients C.. of the constitutive equations are defined by the
iO

equation :

N I

N 2

NI2

M I

M 2

MI2

= [c] =

m

Cll Cl2 0 c14 Cl5 0

c12 c22 0 c24 c25 0

0 0 C33 0 0 C36

Cl4 c24 o c44 c45 0

Cl5 c25 0 c45 c55 o

0 0 C36 0 0 C66

f

e1

¢2

¢12

•2 _i2

(o)
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1.4 B_)undary Conditions and Rim 6 Supports

A composite shell structure is shown in Fig. i. In this example the shell

is composed of six segments, has a ring support at A, and is free at B. There

are also intermediate ring supports as shown. These rings are treated as dis-

crete elastic structures, and the rin_ equations developed by Cohen (Ref. 4)

are used. Figure 21 is a schematic of an arbitrary discrete ring considered

to be attached to the reference surface at the point so labeled. The ring

centroid is located a radial distance e I and axial distance e2 from the

attachment point. These components e I and e 2 of rin£ "eccentricity" are

positive as shown. Their sign, incidentally_ does not depend upon the direction

in which the arc length s is traversed, but only upon the relative positions

of the attachment point and the centroid. Similar comments apply to discrete

rings, the eccentricity of which is specified by Z and S , shown in
C C

Fig.21(b)

Displacement constraints in addition to those associated with ring supports

are treated somewhat differently in B_S_R4 than they are in B_S_R3 (see dis-

cussion on pages 1-7 and 1-8 of Ref. 3). The Lagrange multiplier method is

still used and the constraint conditions still apply to the _lobal displace-

ment components, u j v _ w _ and _ (Fig. 19). However, introduction of

branched shells adds another dimension to the definition of the constraint

conditions. Figure 2 can be used as an example. Table I.i shows the input

data pertaining to the constraint conditions corresponding to Fig. 2. Each

segment has 15 mesh points. Three groups of data appear for each input card:

location of constraint, which of the global variables u , v , w , and X are

involved, and the radial and axial components of reference surface discontinuity,

DI and D2 (d I and d2 in Fig. 19). For example, the last card reads "Segment 8

point 15 connected to Segment $ point 15; u _ v _ w _ X are constrained;

zero discontinuity j' This card illustrates the treatment of a boundary

condition. The second card represents a juncture compatibility condition.

The location of pol e conditions (r=O) must be specified by the user, but

the appropriate displacement constraints depend on circumferential wave

number n , and these are automatically generated internally. Hence, the

integers in columns 18, 24, 30 and 36 of the first, fourth, eighth, and

eleventh "cards" in Table i.i are ignored by the program. Assignment of
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unity in the columns labeled u ; v ; w ; X means the correspondin_ _lobal

displacement component is constrained or is inv.olved in a juncture condition.

Zero denotes no constraint or juncture continuity condition.

Figure l_ shows a meridional discontinuity (a) and boundary support

points at the beginning of a segment and at the end of a segment (b).

In Fig. 19(a):

i) d I and d 2 are positive as shown if J > 0

2) d I and d 2 are negative as shown if J <_____0

This sign convention thus depends only on the relative numbering of the segments

involved in the Ounction. It does not depend on the direction of increasin_

arc length s. Nor does it depend on whether the user specifies "Segment

ISEG is connected to segment ISEG + J" or "Segment ISEG + J is connected to

ISEG". In Fig. 19(b) the "discontinuities" d I and d 2 are positive as shown

independent of the direction of increasing arc length s.

The treatment of cases in which stability or vibration constraint con-

ditions are different from prestress conditions is described in the section

on input data. For example_ antisymmetrical behavior at symmetry planes of

a shell is permitted through the introduction of additional constraint con-

dition cards_ as described on Page B-3.

Rigid body modes are prevented by the user through introduction of

appropriate input as described in the input data section (Page B-3).

Of course, these additional input data are required only in cases involving

n = 0 or n = i_ in which rigid body motion is possible because of the ab-

sence of certain constraints. Examples of rigid body modes are shown in

the sketch below. There are_ of course, six possible rigid body modes_

£
n-O

Translation
1-9
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three translational and three rotational. Two of these modes correspond to

axisymmetric motion (n = O) and four to motion involving one circumferential

t_ave" (n = i). If n = 0 or n = 1 are involved in either the prestress

or the eigenvalue analysis, and if the constraint conditions already intro-

duced by the user permit rigid body motion, the user must provide two addi-

tional constraint condition cards_ one which prevents the n = 0 ri6id body

modes and the other which prevents n = 1 rigid body modes. These additional

constraint conditions (called IST_PO(I) and IST_PI(I) on Page B-3) must

correspond to a location in the structure at which a constraint condition,

IFIX_ has already been introduced, but they may not be introduced at a pole

(r = 0). It may be necessary on occasion to introduce a "fictitious" IFIX

constraint condition (location_ but no constraint)

e .g:

(Seg,Pt)(Seg,Pt) u v w X

IFIX = __1015, _0 , 0 , 0 , Oj

locati on c onstra int

in order to be able to provide appropriate constraints against rigid body

movements.

_'IST@PO = 1015 , 1015 , 1 , i , O , O
e.g:

IST_PI = 1015 _ 1015 , 0 , 0 , 1 , 1

The above example would apply to a buckling analysis of a free hemisphere.

In the B_S_R4 program the constraint conditions IST_PO are only applied if

n = O; IST_PI are only applied if n = i. They are released automatically

for all other values of n. It is up to the user to provide adequate con-

ditions to prevent rigid body motions, while not introducing additional

"fictitious" structural stiffness. The sample case involving vibration of

a free hemisphere (Table 8, Pages A58-A75) demonstrates the appropriate use

of rigid body mode constraints.

There are certain limitations on the ty_es of branchin6 permitted by

the BOSOR_ code. The sketches below illustrate branch conditions, which

if provided as input to B_S_R_, will elicit the message '_onstraint condition

number K illegal. See User's Manual for fix."
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(a) (b) (c) (d) (e)

The encircled numbers refer to segment numbers. These same configurations

can be modeled successfully; however; with appropriate changes in segment

numbering and mesh points; as illustrated below:

(a) (b) (c) (d) (e)

1.5 Loading

Mechanical or thermal line loads or distributed loads (pressures) are

permitted in the analysis. These loads may be axisy_netric or may vary

aroused the circumference. The pressures and temperatures may vary along

the meridian as well as around the circumference, and the temperature may

vary through the thickness. In cases involving nonsymmetric loading a

linear analysis is used. The program finds the Fourier series for the

loads_ calculates the shell response in each harmonic to the load com-

ponents with that harmonic_ and superposes the results for all harmonics.

The superposed displacements and stress resultants are printed and plotted

for selected meridional and circumferential stations. Line loads and moments

are assumed to be applied at ring centroids. Thermal line loads arise from

the presence of discrete rings which may be heated above their zero-stress
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states. Distributed thermal loads arise from temperature distributions
over the shell surface and through the shell wall thickness. It is em-
phasized that the input temperature is "delta T", that is the rise in tem-

perature abovethe zero-stress state, no___tthe absolute temperature.

As seenfrom Fig. 25, which showsa schematic.of a B_S_R4input data
deck, there are four groups of input cards corresponding to four different

classes of loads:

i. Line loads at discrete rings

2. Thermal line loads at discrete rings

3. Pressure and surface tractions distributed over

shell surface

4. Temperature distribution through thickness and over
shell surface

In addition, there are two cards among the first group, labeled "General Input"

in Fig. 25, which control the loading under certain circumstances. These two

cards contain load factors P_ DP_ TEMP_ and DTEMP_ and load range delimiters

FSTART_ FMAXj and DF.

In many cases a load is represented in the B_S_R4 program as a product

of quantities. For example_ the initial normal pressure in a nonlinear

sxisymmetric stress analysis (INDIC = O) is represented as a product of a

factor P and a meridional distribution PN(s). The normal pressure ampli-

tude for each harmonic in a linear nonsymmetric stress analysis (INDIC = 3)

is represented ss a product of a meridional distribution FN(s) and a cir-

cumferential harmonic amplitude PDISTI(n).

Table 1.2 6ives a summary of load ma6nitudes for the four classes of

loads and the seven ty_es of analysis (INDIC). Definitions of the variables

in Table 1.2 appear on Pa6es B-9; B-II_ B-13; and B-15. The si6n convention

for the loads is shown in Fig. 21 and summarized in Table 1.3. A negative

normal pressure, for example_ could be provided as input data for a nonlinear

stress analysis (INDIC = O) either with P < 0.0 and PN(s) > O.O or with P > 0.0

and PN(s) < 0.0. A similar consideration holds for the other products shown

in Table 1.2.

Two t_es of loads are specified in Table 1.2, an initial or fixed type

and an incremental or eigenvalue t_pe. The appropriate use of these two

types of loads for various kinds of analysis (INDIC) is best commu_]icated
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by an example. The sketch below showsa clampedspherical segment, subjected

to a combination of axial compression V and normal pressure, p.

-4o[ ', /

. >. / _F'-Co,,o..

Z_ V AXIAL DISPLACEMENT AT RING
L__. r

Also shown are typical load-deflection curves from linear (A) and nonlinear

(B) theory. Suppose that it is desired to:

i. Calculate the nonlinear axisymmetric behavior (B) (INDIC = O)

2. Calculate the bifurcation load D (INDIC = -i)

3. Calculate the bifurcation loads C and E (INDIC = i)

4. Calculate vibration frequencies for given V ° and Po (INDIC = 2)

5. Calculate linear-theory stress with symmetric or nonsymmetric V and p

(INDIC : 3)

6. Calculate linear-theory bifurcation with symmetric or nonsymmetric

V and p (INDIC = 4)

7. Calculate the stability determinant as a function of load, nonlinear

theory (INDIC = -2)

Let us suppose for the moment that p is known and fixed at Po = -i0 psi

(uniform) and that we wish to investigate the above behavior with V

unknown. All loads are assumed to be axisyn_etric in this example. The

scale 0 to 40 in the above sketch refers then to V, and the characteristics

of the curves A and B and location of the points C and D depend on the

specified pressure Po as well as on the geometry, boundary conditions,

and material properties.
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The table below shows appropriate example values of the load input data

for BOSOR4 for the seven types of analysis listed above. The same data names

are given in Table 1.2.

INDIc P DP v(1) Dr(1)m(_) PDIs_I(L,I)PTIN(L,I)
r

-2 -lO.O O. O. -5.0 +i.0 not applicable

-i -i0.0 O. -15.0 -i.0 +i.0 not applicable

0 -i0.0 0. O. -5.0 +i.0 not applicable

1 -i0.0 O. O. -i.0 +i.0 not applicable

O. Vo<F b 0. +i.0 not applicable2 _i0 i 0

3c O. O. V O. -iO.O +i.O +i.0
o

4d O. O. V O. -iO.O +i.0 +i.O
O

NOTES :

!FSTART a FMAX a DF a

o. -4o.o I-5.o

not applicable

o. ] -4o.o -5.o

I

I

not applicable

not applicable

not applicable

not applicable

I I

asee page B-3 for definitions of load range delimiters FSTART, FMAX, DF.

bF = collapse load of spherical segment.

this case.

V is fixed and known in
O

CBoth pressure and axial load are fixed and known in this case. The

pressure multipliers P and DP are ignored. (See Table 1.2)

dBoth pressure and axial load are treated as eigenvalue parameters in

this case. The pressure multipliers P and DP are ignored.

(See Table 1.2)

Analyses with INDIC = -i, i, and 4 involve the calculation of bifurcation

buckling eigenvalues. With INDIC = -i both V(1) and DV(1) are changed dur-

ing the case, and the buckling load V(1)cri t is printed with the mode shape

at the end of the run. With INDIC = 1 the eigenvalues are printed, and the

user obtains the corresponding buckling loads V(1)cri t from the equation:

V(1}crit": V(1) + (eigenvalue)* Dr(l)

with INDIC = 4 the eigenvalues are printed, and the user obtains the corres-

ponding buckling loads from the equation

V(1)crit. = (eigenvalue) * V(1) * PLINI(L,ISEG)
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This discussion also holds for eases involving many different types and

classes of loads which are applied simultaneously.

The sign convention for various loads is summarized in Table i._.

Please bear in mind that in this manual it is always assumed that the

axis of revolution is depicted vertically and that the shell meridian

is drawn on the right-hand-side of the axis (see Fi_s. i and 2).

Table 1.3 also shows the circumferential harmonic variation of the

various types of loads. Given a linear nonsymmetric stress analysis problem

to solve_ the user must know in advance the range in circumferential wave

number n_ whether it involves positive n_ negative n_ or both. A simple

example is sketched below. A cylinder with an end ring is loaded by a net

Moment
B

C

H ' 'i °
(a)

Section CC

(b)

_)H(neg.

Detail D

(c)

i _V(Pos.)

_ -_--[_- T_--

(d)
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shear force and moment (a). The shear force is assumed to act uniformly

around the circumference as shown in (b). At every circumferential station

e_ the shear force in (b) is resolved into components normal (H) and tan-

gential (S) to the ring centroidal axis (c). The "global" moment M is

modeled as an axial load which varies around the circumference as shown in

(d). With the coordinate system shown it is clear that

V = V come , S = S sine , H = H cos8
o o o

with V ° and So positive and Ho negative. Referring to Table 1.3, we

see that for this circumferential distribution of line loads we must use

n = -i as input to B_S_R4. (NSTART = NFIN = -i, INCR = 1 or -i, see Pages

B-2 and B-3).

More on the Load Range Delimiters_ FSTART, FMAX and DF

The load range delimiters FSTART, FMAX and DF, defined on Page B-3 and

examples of which are given in test cases 3 and 7 and in the discussion and

table on Pages 1-13 and 1-14, play the same role as PINIT, PMAX, and DPMAX,

respectively, in B¢SCR3 (Ref. 3). Since users of B_S_R3 have expressed con-

fusion concerning these parameters, it is perhaps helpful to include at this

point some additional description with further examples. The load range

delir_ters FSTART, FMAX, and DF serve only to establish the range of loading,

and these quantities are not used as actual loads in the computer program.

They simply "tell" the computer when to terminate the case. That is their

only function in the program. Same examples follow:

Example i: shell loaded by "fixed" pressure, "variable-in-time" axial load:

P : lO psi DP : 0.0 V(1) : -i000 lb/in DV(1) : -200 lb/in

FS ART: -i000 : - 000 DF = -200

Example 2: shell loaded by "variable-in-time" pressure, "fixed" axial load:

P = 20 psi DP = 5 psi V(1) = -3000 ib/in DV(1) = 0.0 ib/in

FSTART = 20 FMAX = i00 DF = 5
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Example 3 : shell loaded by "variable-in-time " pressure and "variable-in-time "

axial load :

P = 20 psi DP : 5 psi V(1) = -i000 lb/in DV(1) = -200 Ib/in

FSTART -- 20, FMAX = i00, DF : 5 or FSTART = -i000, FMAX : -5000, DF = -200

From the above three examples it is seen that:

i) The load range delimiters represent the range of one of the
t,varlable-in-time" loads •

2) The load range delimiters have the same algebraic signs as the

corresponding "variable-in-time" load.

3) In cases involving more than one "variable-in-time" load the

load range delimiters may represent the range of any on____eof the
"variable-in-time" loads.
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Section 2

ANALYSISONWHICHB_S_R4IS BASED

2.1 Introduction

The B_S_R4 program represents the codification of three distinct analyses:

1. A nonlinear stress analysis for axisymmetric behavior of axisymmetric

shell systems

2. A linear stress analysis for axisymmetric and nonsymmetric behavior

of axisymmetric shell systems submitted to axisymmetric and non-

symmetric loads.

3. An eigenvalue analysis in which the eigenvalues represent buckling

loads or vibration frequencies of axisymmetric shell systems submitted

to axisyn_netric loads* (eigenvectors may correspond to axisyrm_etric

or nonsymmetric modes)

The independent variables of the analysis are the meridional arc length, s ,

measured along the shell reference surface and the circumferential coordinate,

8. The dependent variables are the displacement components u, v, and w of

the shell wall reference surface. The numerical analysis is based on the

finite difference energy method, so that in the computer program the dependent

variables are the displacement components u.,l vi' and w.z at discrete points

(mesh points) on the shell reference surface.

For the three analyses listed above it is possible to eliminate the

circumferential coordinate, 8 , by separation of variables: in the nonlinear

stress analysis e is not present; in the linear stress analysis the non-

symmetric loud system is expressed as a sum of harmonically varying quantities,

the shell response to each harmonic being calculated separately; and in the

eigenvalue analysis the eigenvectors vary harmonically around the circumference.

Thus, the e-dependence (where applicable) is eliminated by the assumption that

u(s,8), v(s,8), w(s,e) are given by Un(S)sin ne , Vn(S)COS na, Wn(S ) sin n 8

or by Un(S)COS na, Vn(S)sin na, Wn(S)COS n e. In the following analysis the

first three harmonically varying displacement components correspond to values

of n > 0 ; the last three to n _ 0

Note that if INDIC = 4 the prestress state is calculated for nonsymmetric loads,

but in the stability analysis a "worst" meridional distribution of prestress

is assumed axisymmetric,
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The advantagesof being able to eliminate one of the independent variables

cannot be overemphasized. The number of calculations performed by the computer

for a given mesh point spacing along the arc length s is greatly reduced,

leading to significant reductions in computer time. Because the numerical

analysis is "one-dimensional" a rather elaborate composite shell structure,

such as that represented in Fig. i, can be analyzed in a single "pass" through

the computer. The disadvantage is, of course, the restriction to axisymmetric
.

structures.

2.2 Energy Formulation Summary

The BOSOR4 program is based on energy minimization with constraint con-

ditions. The total energy of the system involves:

l°

2.

3.

4.

5.

The constraint conditions U arise from
c

Strain energy of the shell segments U
s

Strain energy of the discrete rings U
r

Potential energy of the applied line loads and pressures, U
P

Kinetic energy of the shell segments T
s

Kinetic energy of the discrete rings T
r

i. Displacement conditions imposed anywhere in the composite shell

2. Compatibility conditions between segments and branches of the

composite shell

These components of energy and the constraint conditions are initially integro-

differential forms. They are then written in terms of the shell reference

surface displacement components ui, vi, and w.1 at the finite-difference mesh

points and Lagrange multipliers, Xi The integration is performed numerically

by the trapezoidal rule. Now an algebraic form, the energy is minimized with

respect to the discrete dependent variables.

In the nonlinear stress analysis the energy expression has terms linear,

quadratic, cubic, and quartic in the dependent variables. The cubic and

quartic terms arise from the "rotation-squared" terms which appear in the

The reader is referred to Ref. 12 for description of a n_thod through which

BOSOR4 can be used to analyze nonsymmetric structures of a prismatic form.
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constraint conditions and in the kinematic expressions for reference surface

strains ¢i' ¢2' and ¢12 Nonlinear material properties (plasticity) are
not included in the analysis. Energy minimization leads to a set of nonlinear

algebraic equations which are solved by the Newton-Raphsonmethod. Stress
and momentresultants are calculated in a straight forward mannerfrom the
meshpoint displacement componentsthrough the constitutive equations (stress-
strain law) and kinematic (strain-displacement) relations.

The results from the nonlinear axisymmetric stress analysis are used in
the eigenvalue analyses for buckling and vibration. The '_rebuckling" or

"prestress" meridional and circumferential stress resultants NI0 and N20
and the meridional rotation Xo appearas knownvariable coefficients in the
energy expression which governs buckling and vibration. This expression is a
homogeneousquadratic form. The values of a parameter (load or frequency)
which render the quadratic form stationary with respect to infinitesimal
variations of the dependentvariables represent buckling loads or natural
frequencies. These "eigenvalues" are calculated from a set of linear, homo-
geneousequations.

The samelinear "stability" equations, with a "right-hand-side" vector
added, are used for the linear stress analysis of axisyrm_etrically and non-

symmetrically loaded shells. The "right-hand-side" vector represents load

terms and terms due to thermal stress. The variable coefficients, NIO ,

N20 , and 7 0 , mentioned above are zero of course since there is no nonlinear

'_restress" analysis.

2.3 General Theory for Nonssm_netric Displacements

The total potential energy consists of (i) shell strain energy, (2) ring

strain energy, and (3) potential energy of applied loads. The constraint con-

ditions are written in terms of Lagrange multipliers and displacements of points

on the "plus" and '_inus" sides of the junctures or boundaries. These energy

components and constraint conditions appear as Eqs. (9), (15), (18), (19), and

(24) and (25) in Ref. 13. Equation (19) is incomplete, as it does not include

"pressure-rotation" effects. The following analysis is based on these equations.

The various components of energy follow:
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i) Shell Strain Energy

1

s e

LcJ [C] [¢} + Z LNTj [¢}1 raed 

2) Rin$ Strain Energy

r
c

U =
r -2- ICr EA + _x

Z
EI + _ EI - 2 _ _ EI

y y x xy xy

--_ (X + Uc/rc + 2 Cr N Tr - _x MT + _ M d8
Y Y

r C

3) Potential EnerGy of Mechanical Loads

Upl = - _ (-VUc + SVc + HWc + M X) rc d9

0

Up2 = - (PlU + P2V + P3W) - P3 _ +

s fl

2
W

(i)

(2)

(3)

+ _ P3 _II + + uwP3

4) Constraint Conditions

rd0ds

U c : LKX] d - d - Ad (4)

Note that Eq. (3) has terms quadratic in the displacement. These are the

"pressure-rotation" terms taken from Reference 14 and omitted in Eq. (19)

of Reference 13. Also note that Eq. (4) contains [KXJ_ implying input

constants K which are applicable to juncture conditions as well as to

boundary conditions. The kinetic energy is not written here. It is given

in Ref. 15 as Eqs. (28) - (32).
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2.4 Nonlinear Axis_rmmetric Prestress Anal)rsis

Equation (36) of Reference 16 governs the nonlinear prebuckling analysis.

This equation must be solved for each Newton-Raphson iteration. In the follow-

ing pages, this equation will be developed, and variables in the B_S_R4 computer

program will be identified along with the analytical development.

The equilibrium equation to be solved at each Newton-Raphson iteration is

MZ

Z bq-_ Aqj
j=l

= - _i

in which M2 is the system rank, @i = bU/(_li ' qi represents the ith de-

pendent variable (either u or w or a Lagrange multiplier), and Aqj

represents the jth correction addend for the current Newton-Raphson itera-

tion. The following sections will establish _i and 5_i/3qj for the

shell, discrete rings, applied losds, and constraint conditions.

(5)

2.4.1 Shell Strain Energy

From Eq. (i) is follows that

bU NSEG I5(JSEG)

bqi - *i = Z_ _ _ rk Ask [¢] [C] + IN T] _ (6)
JSEG=I k=l bqi

where integration over 0 has been performed and integration over s is

replaced by a weighted summation. NSEG is the number of shell segments and

I5(JSEG) is the number of mesh points in segment no. JSEG. Ask is the

length of the kth finite difference "element", in other words the integration

weight

The vector [¢] is given by

LeJ = Lcl, c2, _l' _J (7)
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in which

[B]

qi-z

qi-l

qi

qi+l

qi+z

+

l 20

(8)

The array [B] is calculated in subroutine PGETB, which is called from PRESTS.

These subroutines apply to the finite difference energy method with variable

mesh point spacing. The appropriate formulas for w and its derivatives

are :

w = cI wi_ I + c2 w i + c3 wi+ I

w' = -Wi_l/2h + wi(i/2h - 1/2k) + wi+J2k

w _ = 2(wi_i/[h(h+k )] - wi/hk + wi+i/[k(h+k)] )

CI = (h-k)(3k+h)/[16(h2+hk)]

(9)

c 2 =

c3_

(h+3k)(3h+k)/(16hk)

(k-h)(3h+k)/[16(k2+hk)]

The mesh spacing scheme is shown in Fig. 3, which also applies to non-

symmetric analyses. The energy is evaluated at the station marked '_"_ which

is at the centroid of the finite difference "element". Appropriate finite

difference expressions such as given by Eq. (9) are found by expansion of

the displacements in Taylor series about the point '_" and expression of
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these displacements in terms of the nodal quantities Wi_l: ui, vi, wi, Ui+l,

Vi+l, wi+ I. As is pointed out in Ref. 17 this procedure is equivalent to the

finite element method in which a constant strain, incompatible element is

being used. (For a deeper understanding of the finite difference energy

method the reader is referred to Ref. 17.)

The thermal load vector INT] is given by

INT] = IN1T , N2T , M1T , M2T] (zo)

which are defined in Eq. (6) cf Reference 13.

The contribution of the shell strain energy to the left-hand side of

Eq. (5) follows:

NSEG I5(JSEG)

_qj 0qi oqjJSEG=I k=l

+ [c] ]
5qj _I i ]

(ii)

If Eq. (8) is incorporated into Eqs (6) and (ii), the following equations

result:

RDS

PSI(I) NSEG 15(JSEG)

JSEG=I k=l

QB CB (I) TNB (I)

Lq] [B] T [C] [Bi] + [NTj {Bi]

(la)

+

CB (*,Z)

I 2
X [C I] [Bi] +

QBCI

[q] [B] T [el]

[

CHI R(_T(I)

1 X3 )j _X ]
X + _ Cll + N1T X %q'--_

F1
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BCB (I,J)

NSEG I5(JSEG)

_qj
JSEG=I k=l

r k ASk

B_" CB

[Bj} T [C] [Bi}

F2

[qJ [B]T {C I} + _" X CII + NIT

+

R_T(1)mRq_T(J)

_qi 5qj

+

× [cI]{Bi] _j + {Bj} {CI_ %-4[

CHI CB(I, I)_._R(_T(J)= CB(I, J)'_R(_T(1)

(13)

In Eqs. (IZ) and (13)

LqJ
= L qi-2' qi-l' qi' qi+l' qi+2 J]

k v

C
[ F(12M), F(IIM), F(10), F(IIP), F(IZP)]

(14)

[C ] is the local 4x4 matrix of constitutive equation coefficients corres-

ponding to:

N I

N z

M I

MZj

= [c] (15)
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This local matrix corresponding to local mesh point IP_l_f is set up in sub-

routine POETC. [Bi] signifies the ith column of the matrix [B]; {Cl] is the

first column of [C]; and the rotation X is given by

× =_ w'- u/R 1 = [R_T] [q] (16)

in which

= [R_T(1), ROT(2), R_(3) , R_T(_) , R_T(_)]

= [WBD(1), -.5/R 1 , WBD(3), -.5/El, WBD(5)J
(17)

corresponding to variable station spacing. The quantities WBD(1), W_D(3),

and WBD(5) correspond respectively to the coefficients of Wi_l, wi, and

wi+ 1 in the second of Eqs. (9). In Eqs. (12) - (17) program variables

are identified. Additional variables are:

r = R I/R I = FKI

(l/R1)' = CURD

r _ = RD i/R 2 = FK2

(18)

The indices 12M, IIM, I0, liP, and 12P identify the global row numbers

corresponding respectively to I = i, 2, 3, 4, and 5 in the local stiffness

matrix BOB(I,J) and right-hand side, PSI(I). These global row numbers are

established through use of array IW(II). Array IW(II) is set up in sub-

routine SKILIN, which is called from subroutine READIT. IW(II) contains

the global row number of the IIth w-mesh point, in which II is

I JSfG-I 1
[I5(I) + 2] + I + IP@_NT

I=l

(19)

The program variables TNI, TN2, TN3, and TN4 correspond to the thermal

loads given in Eq. (i0). PI, P3, and PPRIME correspond respectively to

the meridional traction, normal pressure, and meridional derivative of

normal pressure dp/ds. The program data lW(II), THERM(I,J), C(I,K), BG(I,L),

and PR(I,M) are stored on drum or disk. Arrays WB(I) and UB(I) represent

coefficients in the equations
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w = [w_J {q] u = [_J {_} (2o)

The local stiffness matrix BCB(I,J) and right-hand side PSI(I) for

the current Newton-Raphson iteration are calculated in subroutine PEESTS,

which is called from APREB, which in turn is called from PRE.

2.4.2 Potential Ener6y of Distributed Loads

In PRESTS, the last two terms in the expression for PSI(I) and the

last two lines of the expression for BCB(I,J) contain the contributions to

the total energy of the meridional surface traction Pl and normal pressure

P3" These terms arise from differentiation of Eq. (3b) with respect to

qi and qj. With v = 0 the following expressions result:

dUpz/dqi = - Zw

F3 UB (D

NSEG 15(JSEG) _

JSEG=I k=l }kli

F4 WB (1)

(zi)

NSEG I5(JSEG)

[ (_u _w _w _u)_'_ X 7. r_,,._ _,_ _J _+ _ _q_
JSEG=I k=l

I ('+ P3 RI _ti _)qj _'1 + _1 i 5qj
(Z2)
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2.4.3 Discrete Rin_ Strain Energy and Potential Ener_ of Line Loads

Discrete rings and/or line loads are located at certain mesh point

stations along the shell meridian. These stations are identified by the

array IRING(JSEG,IK). Thus, IRING(3,2) = 27 signifies that the second dis-

crete ring and/or line load in the third segment are located at the 27th

.point at which the shell energy is evaluated in that segment.

The ring strain energy is given by Eq. (2). For axisymmetric

displacements

Cr = Wc/rc _x : 0 _y = x/rc (23)

in which w is the radial displacement of the ring centroid and r is
C C

the radius of the ring measured to the centroid. With Eqs. (23) inserted

into Eq. (2), the ring strain energy becomes

a 1 EI XZ NT ]
: Z_ 1 EA w + x + w + M T X

Ur Z r c 2 r r c x
C C

(24)

For axisymmetric line loads, the potential energy is

Up1 = - 2rrrc [- VUc + HWc + NIX] (25)

The line loads are assumed to be applied along the centroidal axis of the

and w can be
ring. The axial and radial centroidal displacements uc c

written in terms of the shell wall reference surface meridional and normal

displacements u and w corresponding to the attachment point of the

ring

Uc = ur/R z -wr' - e I X- eg X2/2

I

w c : ur + wr/R 2 + e 2 X - e 1 X2/2

(26)
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The first and second derivatives of the ring strain energy plus the line-load

potential energy are

FRI WCD FRZ UCD

w + - r H -- + r V 5Uc
_qi = 2Tr EA N T _w c

c r c _qi c _q--7"

+

FR3 R(_T(1)

A.

EI T

X + M x
- r

c (27)

_2(U r + Upl)

= 2w

FRI

T
w +N

c r
- r

c

_Z

Wc EA
H bqiSq-j + --rc

_w _w
c c

+

FRZ

r V
c

52u
c

_qi 5qj

E1
x _X

r c _qi
(Z8)
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in which

UCD

5clbUC bu (r/R2) - _v ,
- --_q---7 An-- r - (el + e 2 X) X_i Nii_

FR4

8w

--c _ 8u , _w (r/R2)
8qi _q---Tr + _ + (e 2 - e 1 X) 8X_q__.T.

WCD

82u
c 8X 8X

c_qi--_j : -e2 _t---_-

_2w
c _ 8X _X

3qi _qj " el. _I i _lj

(29)

Collection of terms in Eq. (28) through use of Eq. (29) leads to:

f

_qi _qj = 2_ -e 1 w + Nc r

FR5

,%

-r H -e2r V+c c r
c

_X

_)qi

_X

_qj

+
EA _Vc

r c 5q i
(30)
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2.4.4 Constraint Conditions

The constraint conditions are given by Eq. (4). For axisymmetric

displacements, each juncture condition and boundary condition takes the

form:

U c = Kl_l(U - u - Au*)

+ K3X 2 (w *+ *-- w - Aw*) + K4k3(X + - X-)

(31)

in which

u = ur/R 2 - rtw

w = ur _ + wr/R 2

= - [dl×-+ d2(X)2/2]

= + [d2X- - dl(X)2/2]

(32)

Superscripts "plus" and "minus" refer to plus and minus sides of the junc-

ture conditions (see Fig. 20). In the case of displacement boundary con-

ditions, the '_lus" variables are simply omitted from Eq. (31). The KI,

K3, K 4 are input integers governing whether or not juncture compatibility

conditions are to be enforced.

Figures 4 through 6 show various types of juncture conditions which

have various effects on the configuration of the stiffness matrix for each

Newton-Raphson iteration. The shaded areas correspond to elements in the

matrix affected by the juncture or boundary conditions. '_inus" elements

are denoted QD and "plus s' elements are denoted D. The dark line in each

figure represents the "skyline" of the matrix. There are essentially five

kinds of constraint conditions:

i. Simple "one-sided" constraint conditions not at end

IP_INT=I5(JSEG) of Jth segment.

2. Boundary conditions at end IP_INT=I5(JSEG) of Jth segment.

3. Segment end connected to non-adjacent previous point.

4. Juncture condition not at end IP_INT=I5(JSEG) of Jth segment.

5. Beginning of (J+l)st segment attached to end of Jth segment.
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All five types of constraint conditions are shownin Figures 4(a),
5(a), and 6(a) and identified in Figures 4(b), 5(b)j and 6(b). Constraint

condition types 1 and 3 are shown in Figure 4. In Figure 4(b) the shaded

areas labeled QD and QDIT represent the boundary conditions [Eq. (31)
.+ ..i.1

without u , w , and X+]. The shaded areas QD 2 and QD2 T represent the

"minus" parts of the juncture condition between mesh points #4 and #i0. The

shaded areas D 2 and D2 T represent the "plus" parts of the juncture con-

dition. Figure 5 shows constraint condition types 5 and h. Again the shaded

QD's and the D's represent respectively the "minus" and "plus" parts of

the constraint conditions. Constraint condition types 2 and 4 are shown in

Figure 6.

The contribution of the constraint condition "energy" to the shaded

areas in Figures 4(b), 5(b), and 6(b) will now be derived. In subroutine

PRESTS the "minus" contributions 05) are computed first. The vector

IFX(IC_NDI,I) contains the segment numbers and local mesh point numbers of

the "minus" sides of the constraint conditions in monotonically increasing

order. If IP_INT=IFX(IC_NDI,I), the flow of calculations enters the branch

of PRESTS in which QD is filled and constraint condition contributions to

the local matrix BCB(I,J) are calculated. The global matrix row numbers

corresponding to k I , 1 2 , and k 3 are indicated in PRESTS by IR, IR1,

and IR2, respectively.

From Eq. (31), it is seen that

PSI(1)

A_

8Uc5 - (k I U i + _Z W i + _3 X
qi ' , , i

+
k! k2 k 3

6i U + 6i W + 6i X

FNEW(IR) FNEW(IR1) FNEW(LR2)

(33)

in which
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U
,i

D(I, I)

USTAR

_u
+

FC3 R(_T(1)

(d 1 + d 2 X') })qiC)X"_]

)

QD (i,I)

W - K
,i 3- })w, + -

D(Z, I)

WS TAR

#-
_v

FCI

(d 2 - X d 1)

Y

QD(2, I)

J

X . - K,.
l+

5X +

bqi

D(3, I)

_qi

QD(3, I)

(34)

g.'+
U - K I (u - u - Au*)" *+ - w*- - _w*)

W -- K 3 (w

x -_- K 4 ( x+ - x-)

kl I i if i=IR8 i =
0 otherwise

XZ I I if i = IRI5 i =
0 otherwise

k3 { 1 if i = IR26i =
0 otherwise
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Contributions from the "minus" part of the constraint conditions to the real

global right-hand side vector are stored in FNEW(IR), etc. Contributions to

the "local" right-hand side vector are stored in PSI(I). The Lagrange multi-

pliers )'i' k2 ' and k 3 for the current Newton-Raphson iteration are stored

in F(IR)_F(IRI), and F(IR2). K 1 , K 3 , and K 4 are identified in PRESTS as

FIFXI, FIFX3, and FIFX4, respectively.

The second derivative of U
C

qi and clj is given by

with respect to the dependent variables

bZU
c = bX bX

bqi bqj (KI kl dZ + K3 XZ dl) c)qi bqj

+ kl kl k2 k2• + U + k W + W (35)

)_3 k3

+ 6i Xij + 6j X, i

kk

11 j _ i the terms with 6j , k = i, 2, 3 contribute elements to QD and

kk QD T DT
D, and the terms with 6 i contribute elements to and in Figures 4

to 6. In the program PRESTS only the terms with j m i are computed, since

the stiffness matrix is symmetric.

Figures 7 through 16 show additional global stiffness matrix configura-

tions corresponding to the branched configurations drawn on each figure.

Mesh points ere indicated by dots and numbered according to the directions

of the arrows. '_4inus" parts of constraint conditions are indicated by

arrays of Q's; "plus" parts by D's. Additional non-zero elements are in-

dicated by X's.

The array QD(I,J) containing the "minus" part of the constraint con-

dition must be stored in the global stiffness matrix. This matrix is divided

into blocks, the sizes of which are limited by an input parameter IMAX, and

the numbers of rows of which are established in subroutine GETBLK. The array

IL_C contains the position of the main diagonal element relative to the be-

ginning of the block, and the array ]_GBKP gives the global row numbers of the
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last equation in each block. In subroutine PRESTS_III is the current block

number,IV is the numberof QDarray which has beensavedbecauseit belongs
to a future block, IC is the numberof equations per constraint condition,
(IC=3 for prebuckling analysis), and N is the dimension of the local stiffness

array BCB(N,N). The global stiffness matrix is stored in array BB.

The logic associated with the "plus" side of the constraint conditions

is similar to that for the "minus" side. The contribution from the "plus"
side is stored in D(I,J), as shownin Eqs. (34), and this branch of PRESTS
is entered if IP_INT equals the segmentand local meshpoint corresponding
to the _'plus" side of the constraint.

The current block Ill is stored on drumor disk for subsequentprocessing
by subroutines FACTORand SOLVE.Figure 17 showsa flow chart of PRESTS.

2.5 Stability_ Vibration _ and Nons_mmetric Stress Anal_sis

These three categories have several common characteristics: They repre-

sent two-dimensional problems in that the restriction to axisymmetric dis-

placements is no longer imposed. They are based on linear theory (although

the axisymmetric prestress analysis in stability and vibration problems may

be nonlinear). They all make use of essentially the same stiffness matrix.

By stability analysis we mean bifurcation buckling, not nonlinear collapse.

By vibration analysis we mean determination of natural modes and frequencies.

Hence, both of these analyses are eigenvalue problems.

2.5.1 Formulation of the Stability Problem: Introduction

The bifurcation buckling problem represents perhaps the most difficult

of the three types of analyses with which we are concerned. It is practical

to consider bifurcation buckling of complex, ring-stiffened shell structures

under various systems of loads, some of which are considered to be known and

constant, or "fixed" and some of which are considered to be unknown eigenvalue

parameters_ or "variable"

Ti_e notion of "fixed" and "variable" systems of loads not only permits

analysis of structures submitted to nonproportionally time-varying loads,
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but also helps in the formulation of a sequence of simple of "classical" eigen-

value problems for the solution of problems governed by '_onclassical" eigenvalue

problems. An example is a shallow spherical cap under external pressure. Very

shallow caps fail by nonlinear collapse, or snap-through buckling, not by bifur-

cation buckling. Deep spherical caps fail by bifurcation buckling in which

nonlinear prebuckling effects are not important. There is a range of cap geo-

metries that buckle by bifurcation buckling in which the critical pressures

are affected by nonlinear prebuckling behavior. The analysis of this inter-

mediate class of spherical caps is simplified by the concept of "fixed" and

"variable" pre s sure.

Figure 18 shows the load-deflection curve of s _ shallow cap in this in-

termediate range. Nonlinear axisymmetric collapse (pn_), linear bifurcation

(p£b) and nonlinear bifurcation (Pnb) loads are shown. The purpose of the

analysis to which _e are referring in this section is to determine the pressure

Pnb" It is useful to consider the pressure Pnb as composed of two parts

f v (36)
Pnb = p +P

f
in which p denotes a known or "fixed" quantity and pV denotes an un-

f
determined or "variable" quantity. The fixed portion p is an initial

guess or represents the results of a previous iteration. The variable

V
portion p is the remainder_ which can be determined from a reasonably

simple eigenvalue problem, as will be described. It is clear from Fig. 18

f f v

that if p is fairly close to Pnb the behavior in the range p = p _ p

is reasonably linear. Thus j the eigenvalue Pnb can be calculated by means

of a sequence of linear eigenvalue problems through which ever and ever
v f

smaller values p are determined and added to the known results p from

the previous iterations. As the B_S_Rh computer program is written the

f
initial guess p need not be close to the solution Pnb"

In the bifurcation stability analysis it is necessary to develop three

matrices corresponding to the eigenvalue problem

KlX + kK2x + k2K3x = 0
(37)

The matrix K 1 is the stiffness matrix and contains "fixed" load effects;

the matrix K 2 is commonly called the "load-geometric" matrix and contains
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linear terms involving the "variable" loads; and the matrix K 3 , another
2

"variable"-load quantity_ is called the k -matrix: for obvious reasons.

These matrices all contain known numbers and are all banded. They all have

forms similar to those shown in Figs. 4-16. They will be derived in the

following three sections, which will be concerned, respectively, with the

shell strain energy and pressure-rotation effect, the ring strain energy and

radial-line-load-rotation effect, and the constraint conditions.

2.5.2 Shell Strain Ener$7 and Pressure-Rotation Effect

The shell strain energy and pressure-rotation effect combine Eq. (i)

and the terms in Eq. (3) quadratic in displacement components u, v, w.

This energy, denoted U , can be written in the form:
s

(38)

The strain vector is given by

1

"_ ] _' +w/_1 + _ (×_+ _)
1 2

_2 1 _/r + ur'/r + w/R 2 + _ ( 2 + )

I d/r + r(v/r)' + X$
gl2

= Xt

?t" ,/r + r'x/r

,2_12J 2(-i/r + r'*/r +v'/R2)

(39)

in which

X = w' - u/R 1

= _/r - v/R 2

= _l (_/r - v' - r'v/r)

(40)

In Eq. (38) [C] is the 6X6 matrix of constitutive equation coefficients

given in Eq. (5) of Ref. 13; LNTj is the six-component vector of "thermal
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loads given in Eqs. (i) and (6) of Ref. 13; and [d] and [P] are given by

[dJ = [u, v, w]

[P] =, Jp/R I 0 -p '

p o p(I/Rl + i/R2

(41)

(42)

These expressions are referred to the undeformed surface of the shell. We

wish now to expand the energy in a Taylor series about some equilibrium

w : We assume that
point_ Uo' Vo' o

v f v f v
f + u + 6u , v + v + 6v , w + w + 8w

(u, v, w) = u ° o o o o o

in which ( )f means "fixed" and ( )v means "variable" and _u, _v, _w Bre

f v
+ U ,infinitesimal variations from the equilibrium state given by u ° o

f v f v
V + V , W + W .
0 0 0 0

The energy U is given by
S

=U + 6U+ IUs o _ 6 + ...

p
in which 8U contains all first order terms in the variations and 6-U

contains the second-order terms. Because the system is in equilibrium

the first variation 6U is zero, and we are concerned only with the

second variation 62U:

(43)

(44)

0
in which e ; ¢ _ e

terms in variations

62U =s//I[¢l][c][¢l] + [¢2][C]{¢0] + [¢0][C]{_ 2]

{°ull+ 2[NTj {¢2] + [6u, 6v,6w][P] 6v rd@ds

6w

1 2
signify respectively zeroth_ first_ and second-order

6u, 6v, 6w:

(45)
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{£i]

6u' + 6W/RI + Xo6X+ 7o67

6_/r+ 6ur'/r+ 8w/R2 ÷ _o6_+ _o6_

6_/r+ r(6v/r)'÷ %6* + *06×

6×'

6_/r÷ r'_X/r

2(-6i/r+ r'6_/r+ 8v'/R2)

[c 2 }

1 )2 i_" (6X + _ (6"Y) 2

1 +1_- (6,)2 g (_)2

0

0

0

[ O} = E.:pressions (39) with subscript zero. (48)

For convenience from now on the variation symbol 6 will be dropped.

The infinitesimal components u s v, ws X denote '_ouckling displacements"

and the finite components Uo, Vo, Wos X O denote "prebuckling displace-

ments". It is understood that Uo, Vo, Wo, X ° are composed of two parts_

a "fixed" part ( )f and a "variable" part ( )v.

If we consider in Eq. (45) that

Le2_l It] [ o] = LeO] [c] [¢2} (49)

(since C is symmetric)_ the second variation (45) can be written in the

form
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6_ f_'([elj[c]{¢l] + 2[¢2J([c] I¢oi + Co21

[dJ[P] [d ])rdads

in which the linear prebuckling strain vector
1

_o

ut +o wo/Rl

_olr+ %r'Ir+wolR2

_oIr + r(%1r)'
i

×o

_olr+ r'×olr

I-

is:

(5o)

and the nonlinear portion of the prebuekling strain is:

I 21
leo I

i 2 2
_(X o + 7o )

l (,o2 + "yo2)

Xo_o

0

0

0

(52)

i
The linear infinitesimal strain vector ¢

three components

1 1 1 1
e = es + ef + ev

, Eq. (46), can be divided into

(53)
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in which

which

i

es is given by Eqs. (51) with subscript zero dropped and in

• f yofyXo X+

¢of¢ + _of7

Xof¢ + ¢ofX

ICvl I -=

_, V V7
X + YO

_oV_ + 7oV_

XoV_ + 7 v7o

0

0

0

(54)

The "pressure-rotation" matrix [P], Eq. (42), and the thermal load vector

INT] can also be considered split into "fixed" and "variable" parts.

i 2

Now divide the prebuckling strain vectors Co and Co into "fixed" and

"variable " parts :

i f v

C0 : CO + CO

2 ff vv fv

CO = CO + CO + _0

(55)

in which

f v + 7fTv
Xo Xo o o

f v f v
_o *o + _o _o

v f X f, v
Xo _o + o _o

0

0

0

I ff wr 1; CO ; e 0 are analogous (56)

The term
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in Eq. (50) becomes

2[_2]([C]Icof + ¢ov
ff vv

+ _0 + _0

which can be expressed as:

2[ 2jlNo f + N v + vv fv_oLIN C_o + COo

+ ¢o i + f
(57)

(58)

in which

f li¢of ff_ NfTN o _ C + % I +

Nv I_oVl ToLIN - C + Nv

(59)

With the above development, we can now express Eq. (50) in the form

6_ =If (AI + kA 2 + x2A3 ) rdsdo

s 8

(60)

in which

i i
AI = [¢s + cf

+ [x,#,_]

] [C] lCs1

-f

NIO

_f
NI20

0

+ cfil + [a] [Pf] [d}

f
NI20 0

f
N20 0

O(<o+

r"

i
I

(61)
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with

with

A 2 =
I +

2[¢vi ] [C]l_s cfll + [d] [pV] [d}

----V --%/

NIOLI g N12OLIN 0

--V --V

+ [X,¢,7] NI2OLIN N20LI N 0

0
-- V -- Vo +

-- v V + [CliJ le fvlNIOLIN = NIOLIN _ o

--v v + [C2i] !eofVl''( )N20LI N = N20LI N

--v v + leofVl
NI2OLIN = NI20LIN [C3i]

A 3 = [ev I] [C]lev I I + [X,_,7]

V V

NIONL NI20_L

V V

NI2ONL N20NL

×

V + V0 0 NIONL N2ONL

v leoVVI v IOo lNIONL = [Cli] , N2ONL = [C2i]

V le vv 1
NI20NL : [C3i] _ o I

(62)

(63)

(64)

(65)

The second variation of the shell strain energy and pressure-rotation

effect given by Eq. (60) with Eqs. (61) - (65) is valid for arbitrary

segments of shells of revolution with arbitrary nonsymmetric prestress

distributions. It is an integro-differential form. The discretization

model is shown in Fig. 3.
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2.5.3 Rin_ Strain Energy and Radial-Line-Load-Rotation Effect

The ring strain energy and radial-line-load-rotation effect has a form

analogous to Eq. (38)

i _"IL_r j

ur = _m

in which the ring hoop strain vector _r

red8
+ Lvc'We J 0 H/re w

is given by:

(66)

,_yJ

• i 2
vo/rc + We/r° + _(% +_o2)

_c/ro

-_c/rc + x/rc

i/rc + _c/rc2

(67)

with

_c = (We - Vc)/re

_c = Uc/rc (68)

Subscript c

W .
ilC _ Ve _ c

denotes "ring centroid" or shear center. Fig. 21 shows

In Eq. (66) [G] is the 4×4 ring constitutive law:

[o]

EA 0 0 0

r

0 ErI -E I 0
= y r xy

0 -E I E1 0
r xy rx

0 0 0 GJ

(69)

[%T] is the four-component vector of ring thermal loads
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I NT

r

4

Y

o

-fEr _rTdA

rE r°gTxdA

-_ Er o_rTydA

0

(7o)

and H is the radial load/length applied to the ring centroidal axis, positive

as shown in Fig. 21.

We follow the same development as with the shell strain energy. The

second variation of ring energy is given by an expression analogous to

Eq. (50):

82U = r [G] {_rl] + 2[_r2] [G] %o
r c

+ [Vc'WcJ |0 c
d_ (71)

in which [_r I] is given by Eq. (67) with variables Uc, vc w inter-
C

preted as variations; and with the nonlinear term in e , that is
r

+ _ replaced by _co_ c + _coRc . The quantity er

1

0

0

0

(72)

i 2
and _ro and _ro are the linear and nonlinear parts, respectively :_f

the prestress strain given by Eq. (67) with subscripts zero.

Again_ as in the case of the shell strain energy and applied loads, we

consider "fixed" and "variable" loads separately, so that
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1 1 1 1
= - + - + - H = Hf + H_-r ers Crf Cry ' v

r rf rv

_i f v
: +

Cro _ro _ro

2 ff fv vv
-- = + +
Cro _ro ero Cro

(73)

The discrete ring energy then has a form completely analogous to Eq. (60)

in which

with

I _l I +[dc] [Hf] ]AI [_ i + _ lj [G ] - i + Crf {de: Crs Crf Crs

[-Hf/r Hf/rcOJ]LdcJ : Lvc'W°J [Hf] = [0 c

• •= Cro Cro Nrf

(74)

(75)

with

A 2 = 2[[rlJ [G] I_r_ +-¢rfll + [dc][HV][de ]

+ + Yc) FrvLIN + [G] ¢rofV

Iv I + _TFrvLl N = [G] ¢ro rv

(76)

(77)

and

2 vv

A 3 = [_r 1] [G] {¢-rvll + (,2 + 7c I [G] I¢orl (78)

The expressions (74), (76), and (78) for the ring are clearly analogous

to those for the shell [Eqs. (61), (62), and (64)]. The above ring

equations are valid for nonsymmetric prestress. If the prestress solution

is axisymmetric the following expressions result:
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_ ij I- 1 Hf 2 2

'I s
o s I2 2 v Hv 2 + w /rcA2 = (_c + 7c llwc/rc - r% TvdA + I-Vc c

(79)

(8o)

A3 : 0
(81)

i is the linear part of the strain vector given by Eq. (67).
in which _-rs

2.5.4 Constraint Conditions

The constraint conditions are handled in a manner analogous to that

described for the axisymmetric prestress analysis. The constraint con-

ditions given in vector form by Eq. (4) are

*+ *- - [ /r-U c = Klkl(U - u + dlX ) + K2k 2 v*+ - v*- + dl(@*- - v*-)

+ K3k3(w - w - d2X ) + K4X4(X + X-)÷ d2 _*-/r- *+ *- -

(82)

in which dI and d2 are the radial and axial components of the merid-

ional discontinuity or support point eccentricity as shown in Fig. 19.

Starred quantities are displacement components in the "global" coordinate

system, as shown in Fig. 20.

2.5.5 Variable Transformations

The components of energy of the system are represented by the shell strain

energy U s [Eq. (i)], the strain energy of a discrete ring U r [Eq. (2)], the

potential energy of line loads Upl and normal pressure and surface tractions

52 [Eqs. (3)], the shell kinetic energy Ts [Eq. (2.20) of Ref.3], and the

discrete ring kinetic energy T [Eqs. (2.21) of Ref. 3]. The constraint con-
r

ditions U are given by Eqs. (4).
C

It is desired to express all energy components in terms of the shell

reference surface displacements u, v, and w. The displacements Uc, Vc,
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and w
c

given by

of the ring centroid (Fig. 21), which appear in Eqs. (79) - (81) are

u
c

= U - e.y v = v
c

w

Wc = w + e2X

- el(_*- v*)/r - e2d*/r

(83)

The ring eccentricity components e I and e 2 are shown in Fig. 21. The

axial, circumferential and radial displacement components u , v , and w ,

which appear in Fig. 20, are given by

u = u r/R 2 - w r'

w
v = v

w = u r' + w r/R2.

Eqs. (83) and (84) can be used to eliminate Uc, Vc, Wc, u , v , and w

from the energy components and constraint conditions. The dependent

variables are then u, v, w and the Lagrange multipliers kl , k2 , k3 ,

and k4.

The total energy in the system is obtained by summing over all shell

segments, discrete ring stiffeners, and junctures.

(84)

2.5.6 Separation of Variables

The dependent variables

and circumferential coordinate 8. The e-dependence can be eliminated from

u, v 3 and w are functions of arc length s

the analysis by the assumption that

n n
max max

U(S,8) =_ Unl(S ) sin ne +_ Un2(S ) cos ne

n:n . n .
mln nun

v(s,8) =_ Vnl(S)cos n@ +_ Vn2(S ) sin n8

n n

(85)

w(s,8) :_ Wnl(S ) sin n@ +_ Wn2(S ) cos n@

n n
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The temperature distribution, surface tractions and pressures, and thermal
and mechanical line loads have similar expansions:

T(s,@) : _. Tnl(S) sin n8 + _. Tn2 (s) cos n8
n

n

Pl(s'e): E Plnl(s)sinne+ E Pln2(s)cosne
n n

P2 (s'8) = Z P2nl (s) cos ne + _. P2n2(S ) sin n 8
n

n

P3(s'8) = >_. P3nl(S) sin n@ + 2 P3n2 (s) cos n 8
n n

v(e)

s(e)

: _. Vnl sin n8 + Z Vn2 cos ne
n n

= Z Snl cos n 8 + _. Sn2 sin n 0
n n

(_)

H(8) = _. Hnl sin n@ + _ Hn 2 cos n8
n n

M(e): sinn8÷ Mn2cosn8
n n

rnl sin n@ + _ N T
n n rn2 cos n 8

ynl sin n8 + _, cos n8
n

4 (8) : Z MT_I sin n 8 + Z MT_2 cos n@
n n

In the BOSOR4 program large deflections are permitted in the axisym-

metric components_ but the nonsymmetric harmonics are considered to be

small. The various harmonics do not couple, and a solution for each

Un(S ), Vn(S), and Wn(S ) can be obtained with the circumferential wave-

number n appearing as a parameter in the analysis. The @ integration

indicated in Eqs. (i) (3) is replaced by a factor of w for n / 0 and
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2_ for n = O. In a linear stress analysis for nonsymmetrically loaded
shells the static responseof a shell to arbitrarily varying loads is ob-
tained by superposition. (In this case even the axisymmctric components
are assumedto be small.) In buckling and vibration analyses the "small"

deflections Unl, Vnl, Wnl, Un2, Vn2, Wn2 are considered to be kine-
mstically admissible variations from the "prebuckled" or "prestressed"

axisymmetric state represented by the large deflections uo(s) and Wo(S)
determined in the nonlinear prebuckling analysis.

In the linear analysis for nonsymmetricbehavior and in the buckling
and vibration analyses the second summations in Eqs. (8>) and (86) can be

represented by ne6ative values of the wavenumber n Positive values of

n correspond to the first sun_ations. In the remainder of this section

the subscripts ( )nl and ( )n2 will be dropped. It is emphasized that

the analysis and computer program are also valid for negative values of n .

2.5.7 Finite Difference Scheme

The 8 dependence has been replaced with a circumferential wave-

number n , so that only one independent variable remains - the arc length

s Figure 3 shows a shell meridian with the finite difference discretiza-

tion. The continuous variables u(s), v(s) and w(s) are replaced by

discrete variables ui, v. and w . The u. and v. occur at stations mid-1 i l I

way between the w.. This arrangement of discrete variables has been de-
n

termined to be superior to an arrangement in which ui, vi_ and w.m corres-

pond to displacement components at a single point. Detailed comparisons

between the two schemes for constant mesh spacing are given in Ref. 15.

The energy is evaluated st the midpoint of the integration area, denoted

in Fig. 3 by a heavy line. At the energy point '_", u, v, and s-derivatives

u' and v' are given by:

u = +Ui_l)/2 v = (vi +Vi_l)/2

u' : (u, Ui_l)/£ v' = (vi - Vi_l)/ 

(87)

in which Z is the length of the finite difference "element". The normal
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displacement w and its derivatives w' and w" are given by Eq. (9)-

The s-integration indicated in Eqs. (1) and (3) is performed numer-

ically by multiplication of the energy density at '_" in Fig. 3 by the

element length %.

With the substitution of Eqs. (85) and (86) "in the various energy

components and constraint conditions, the replacement of s-derivatives

by Eqs. (87) and (9), the replacement of time derivatives by a frequency

parameter and the numerical integration over s and exact integration

over e , the system energy and constraint conditions can be represented

as an algebraic form which contains as dependent variables u.l, vi' and

w.1 and the Lagrange multipliers kl , k2 , k3 , and k 4 (for each juncture

and constraint condition). The algebraic form also contains as parameters

the shell and ring properties, the loads and temperature, and the frequency

parameter

2.5.8 Transformation of Energy to Al6ebraic Form

To express the second variation of the energy as an algebraic form_

we must operate on the integro-differential forms given by Eqs. (60) with

Eqs. (61) (65) (Shell strain energy and pressure-rotation effect), Eq.

(60) with Eqs. (79) - (81) (Discrete ring strain energy), and Eq. (82)

(Constraint conditions). The kinetic energy expressions are given in Ref. 3

and will not be repeated here. They are unchanged from the B_S_R3 analysis

except for the fact that the discrete model now includes variable mesh

spacing.

Expression of the energy in algebraic form is performed in Subroutine

STABIL. This subroutine calculates the stiffness matrix, load-geometric

2
matrix, k matrix, mass matrix, and load vector for the linear stress buck-

ling and vibration analyses. In the equations which follow certain variables

and subroutines in STABIL are identified. This identification enables the

user to understand the program more thoroughly.

In Eq. (60) the elements of the matrices AI, A2, and A 3 are functions.

To express the energy density at the midlength of a finite difference element,

we introduce a vector [qJ, defined as
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[q] = [q]i

13M, 12M, IIM, I0, liP, 12P, 13P
y

f

= [%-3' qi-2'qi-i'qi' %+i' %+2' %+3]

= , v , wi+lJwi-i ui' vi' wi' ui+l' i+l

(88)

in which Wi_l, ui, etc. are shown in Fig. 3. If e-derivatives in Eqs.

(40) and (51) are eliminated by means of separation of variables, as

shown in Eqs. (85), and appropriate finite difference formulas such as

those given by Eqs. (9) and (87) are introduced to eliminate s-derivatives

of u, v, and w and to express u, v, and w themselves in terms of nodal

quantities, the following definitions can be made:

6×7 7
i i

[% + v] {q}
GETB1

3 ×7 7

[x,_,_] = [R]{q}

GETR_T

UB,VB,WB

3x7 7

[d] = [u,v,w] = [D] [q}

I
If the prestress is axisymmetric the quantity Sv

simplified to

given by Eq. (54) is

CHIVAR

I

ev = XoX

(89)

(90)

With Eqs. (89) and (90) used in Eqs. (61) - (65) and the assumption of

axisymmetric prestress, the shell energy density arrays AI, A2, and A3

at an element centroid can be written in the algebraic form:

MATMU4 (C,B1,U,6,7, 1) GETP

A l = [qJ BT C B

MATMU4 (PRE,ROT, U,3,7, i)

+ DT Pf D + RT Nf R {q} (91)
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A2 =_J ×o li _ij+i_2i]L%i[B_

(92)

GETP

+ DT pV D +

\

RT v R_
NLIN {q]

!

A3 : [q] RT T Cmem V + NNL R {q]
(93)

in which

Nf =

V

NNL

V =

f 0
NIO

f
0 N20

0 0

--v 0

NIONL

V

0 N2ONL

0 0

O

0

V

_o

0

0

(Nfo + N20

0

0

0

0

0

V

NLI N :

--V

NIOLIN

0

0

C
mem

0

_v
2OLIN

0

m

CII

= C12

0

0

0

--V _V+

C12 0

C22 0

0 C33

(94)

In a similar way the discrete ring strain energy can be expressed in terms of

the nodal point variables corresponding to the attachment point of the ring.

The following definitions are useful:
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RHFIX(IK)
f

F f = GllWc_'/rc - _ErcYrTfd-A

RHFIK

f

v IFv = Ol:lWc /r e - Er_,rTVd_

fuI
4>:4 vc
[Br ]

W

\Y

(95)

: [Rr ]

C

W

w J

U
C

V
C

W
C

X

4X7

= [T] {q}

E*D from GETE, GETD

The contribution of a discrete ring to the matrices AI, A2_ and A3 is

GETG

AI = [q] TT G B r r •

(96)

A2 = [q] TT (_v + RTr _'vRr) T {q]

A3 : 0
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in which

0

0

m

0 0 0

_H f

r

c
0 -- 0

r
c

0 0

0 0 0

(97)

o

o

0

o
t,.._

0 0 0

F f 0 0

0 F f 0

0 O 0

(98)

The stability constraint conditions are handled in a way analogous to

those for the prebuckling problem. We are interested in calculating

_Uc/_q I , which from Eq. (82) is given by

_U C

8qi
klU,i + k2V,i + k3W,i + k4X,i

kI k2
+ 6i U + 6i V + 8ki3W + 8ki4X

in which

U . [ Z+ dl_2]= K1 [_qU_ + - Sqi _qi

D(1,I) Q.D (1,I)

(99)

V . *[_47_ dl _(,_*- $-) += K2 3v _ _v*- + __
_qi r 8q i

D(2,I) Q_(2,X)

d2 t:z]
_- Sqi J

J

(i00)

2-38



w
,i

X
,i

= K3 3w
3qi

D(3,I)

_ .

(i00

Cont 'd)

*+ ._ ( *+ *- ._ ._ d2d*- )U --Kl(U - u +dl×-) ; V --K 2 v - v + dl(_ - v )/r + /r

= - w - d2x-}'_ ; X = K_.(X__" - X )W K3(w*+ + -

The computer arrays D(I,I) D(4,I) and QD(I,I) - QD(4,I) appear in

STABIL. The variables K1 , K 2 , K 3 , and K 4 are called FIFXI, FIFX2,

FIFX3, and FIFX4, respectively.

The local matrices AI_ A2, and A3 are multiplied by rAs or r2

to get the energy once the energy density is known. In stress, buckling,

and vibration problems A1 is called the local stiffness matrix; in buck-

ling problems A2 is commonly called the "load-geometric" matrix and A3
is called the "12-matrix ''because it is multiplied by 12 . In subroutine

STABIL if IBUCK=I the local stiffness matrix A 1 is being calculated; if

IBUCK=2 the local load-geometric matrix A 2 is being calculated; if

IBUCK-3 the local mass matrix M is being calculated, and if IBUCK=4

the local k2-matrix is being calculated. Assembly of these local matrices

into the corresponding global matrices KI, K2, K3, and M is accomplished

in a manner completely analogous to that described in connection with the

axisymmetric prebuckling analysis. The role of the global matrices K1, K2,

and K3 is implied in Eq. (37)-

For a better understanding of the form of the global stiffness matrix

and the method by which the constraint conditions enter the algorithm, the

reader is referred to the section on prebuckling analysis and Figures 7-16.

The algorithm for nonsymmetric linear stress_ buckling_ and vibration

analyses, the subroutine STABIL, is analogous to subroutine PRESTS in this

regard. Note from Figures 4-6 that in the prestress analysis the local

matrices labeled '_CB" are 5X5 and the constraint condition matrices "QD"
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and '_" are 3×5. In the nonsymmetric stress, buckling, and vibration analyses
2

the local stiffness, load-geometric, _ , and mass matrices are 7×7 and "QD"

and '_" are 4x7.

A flow chart of STABIL is shown in Fig. 22.

2.5.9 Linear Stress Analysis for Symmetrically and Nonsymmetrically Loaded Shells

The linear stress analysis is based on the same equations as the stability

and vibration analysis, except that the "prestress" terms which appear in the

stability and vibration quadratic form are not present_ and the energy func-

tional is not homogeneous_ since a "right-hand-side" load vector is non-zero.

This load vector arises from the thermal terms in Eqs. (i) and (2) and the

linear load terms in Eqs. (3)- The thermal and mechanical loads are distributed

circu_Werentially as given in Eqs. (86).

The load terms corresponding to distributed thermal and mechanical loads

are calculated in Subroutine SRHS, which is called from STABIL; the line thermal

and mechanical loads are calculated in Subroutine RRHS, which is also called

from STABIL.

2.6 Solution of the Eigenvalue Problems

In the bifurcation buckling problem the eigenvalues

the system

2

KlX + kK2x + k K3x = 0

2
In the vibration analyses the eigenvalues

are sought for

are sought for the system

(37)

KlX - _2Mx = 0 (i01)

In bifurcation buckling problems with nonlinear prestress analysis Eq. (37)

is solved for the smallest _ only. This solution is obtained in Subroutine

EIGEN. In bifurcation buckling problems with linear prestress analysis

Eq. (37) is solved for the smallest NVEC eigenvalues for each circumferen-

tial wavenumber, n Subroutine EBAND, written by Frank Brogan is used for
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the analysis. In modal vibration analysis Eq. (lO1) is solved for the smallest

NVEC eigenvalues for each n. Subroutine EBAND2, written by Frank Brogan, is

used. In all cases the eigenvalues are determined by the inverse power method

with spectral shifts.

The "quadratic" eigenvalue problem given by Eq. (37) can be expressed in

the form

Pz = _Qz

in the following way:

Let

y = -kK3x

then from Eq. (37)

KlX = -kK2x + KY

Eqs. (103) and (104) can be expressed in the matrix form

(102)

(io3)

(to4)

which is the form of Eq. (102).

power iteration has the form

(P - bQ)Zn+l : SnQZ n

in which s is a normalizing vector.
n

of x and y , as follows:

If _ is the shift scalar, each inverse

Eq. (106) can be written in terms

(io5)

(io6)

Yn+l : _K3Xn+l - snK3Xn

(lOT)

Inverse power iterations continue until the eigenvalue

(k-_) : (SnXn.Xn+l)/(Xn+l.Xn+ l)
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has converged to a pre-determined number of significant figures.

If several eigenvalues are being sought, _t is necessary to orthegonalize

the system with respect to those eigenvectors already calculated. This is

done for buckling and vibration problems in subroutines _RTH¢ and CRTH_2,

respectively. In _RTH_, which is called from EBAND_' the orthogonalization

process is based on the system

If

-K31 i X I 0 y
j L J

represents an eigenvector, then

(lO9)

L(U2 K2u L) "u I + ul.u2j.
(Ii0)

In bifurcation buckling analyses in which nonlinear prebuckling effects

are included, the eigenvalue X represents a quantity to be multiplied

by the difference between two known prestress distributions: the one

corresponding to a load P_ for example_ and stored in array PSFIX in

subroutine STABIL; and the other corresponding to a load P + DP and stored

in array PSVAR in subroutine STABIL.

Initially P and DP are set by the program user. For example_

P = 0 , DP = 1.0. The eigenvalue _n corresponding to n circurmferen-
O O

tial waves is calculated. The wavenumber n is varied imtil a minimum

value XI = k(n) is determined. The nonlinear prestress analysis is then

performed for PI = Po + XI DPo DP I is set equal to PI/IO00 and the

nonlinear prestress analysis is performed for P2 = PI + DPI" The pre-

stress distribution corresponding to PI is stored in PSFIX and that

corresponding to P2 is stored in PSVAR. The stiffness matrix K I in-

cludes PSFIX terms. The "load-geometric" matrix K 2 and "k2'' matrix

K 3 include terms involving the difference PSVAR-PSFIX. A new X = _2

is calculated_ and a new load P3 = P2 + X2DPI is thus determined.
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Iterations continue until kkDPk_ 1 is smaller than .005 Pk"

With this technique it is possible that the origin Pk of the eigen-

value problem gets shifted too much, such that the new origin is closer to

the second or higher eigenvalue than it is to the first. To avoid result-

ing convergence to a higher root, careful track is maintained in EIGEN of

the number of negative roots of the shifted system. In this way convergence

to the fundamental buckling load is assured.
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Section 3

B_S_R4 PROGRAM ORGANIZATION

The B_S_R4 program consists of a main program MAIN and six overlays called

READIT, PRE, ARRAYS, BUCKLE, M_DE, and PL_T. Figures 23(a-g) show the overall

Univac ii08 program organization. Figure 23(h) gives the core storage required

for each of the program segments for the CDC 6600. For the Univac 1108, EXEC 8,

core storage allocations are given in decimal for the code and the data in

Appendix C. The 1108, EXEC i! vcrsion is written in double precision FORTRAN IV.

The CI)C 6600 version is written in single precision. In Figs. 23(a-g) a box

around a subroutine name indicales that this subroutine calls other subroutines.

The names of the subroutines ,,ied are _iven only the first time the name of

the callin 6 subroutine a[_/_ear_io

J.] Flow of Calculation,,',

Overall contro i! ]J_S_]:I Jep,_mds on an integer INDIC. The various types

of analyses chosen _':vT,_{_ in,;; variah]e INDIC are listed in Section ] .i.

The flow of calcula _

which is a i'Icrw cha_

charts of some of i

PRESTS and STABIL "_

script] or,. o_' the i'

All ol the in]

resu]ts o]' c'a]cula +

to the entire she]

meridian geomeLry

an4 ! h,<+rr,'_] lime

,u <r] _ u< ; (DISq;

• t ir ,'I,,;D . t

_+'or , ,.:qtue of INDIC is given in Figs. 24(a)_

,he ! procram, MAIN. Figures 24(b-g) are l_ow

.......,, subroutines in B_S_R4. Flow charts of

_;_ • 17 and 22_ respectively. A brief ,ae-

.,_ ' _,us w_it,hin each overlay follows.

] ir_ RID\DIT. A call to READIT also caus_

:<_;l(mr, Some general data which perta[m

_. t. Thel for each shell seg_nent the

rirlg properties (RGDATA), m_cha_,i :-i]

.]. ,J_r_; di_'tribution (DISTP), tempers_,"_rr_

p_,:,pertie,_: (WALLCF) are re_d -,u.

_,i.,-.s ca]!ed in the first cw_rlay. T_<:

c(_v'_ra_ pisces; causes certain oat,_, %,

J;:4 T}.,se data will be used in tL.

.... _.r,-5';,. The calculatioL_', ]n !b._

• [" - £j"-i<h _; [)lh t, Le .1,, n_,d



The nonlinear stress analysis for axisymmetric behavior of axisymmetric

systems is performed in the overlay PRE, a flow chart of which is given in

Fig. 24(c). The subroutines called from PRE are shown in Fig. 23(c). Data

for shell and discrete ring properties, temperature and pressure distributions,

and thermal and mechanical line loads are read into core from drum or disk

(GASP), "variable" loads are increased or decreased by appropriate increments

or decrements (LOADS), the coefficient matrix _Uo/_qi_qj and the "right-hand-

side" vector -_Uo/_q i are derived for the current Newton-Raphson iteration

(APREB), the coefficient matrix is factored (FACTR), the equation system is

solved for the &qj (SOLVE), if iterations fail to converge the load is re-

set to the last value at which convergence was achieved (UNLOAD), and the

prebuckling or prestress stress resultants and stresses are calculated from

the converged displacement vector (PREB). These prestress quantities are

stored on the drum or disk for later use in the buckling and vibration analy-

sis and for later plotting. Figure 17 gives a flow chart of PRESTS, in which

the linear equation system for each Newton-Raphson iteration is set up.

In the next overlay ARRAYS the coefficient matrices corresponding to

the buckling analysis, vibration analysis, and linear symmetric and non-

symmetric stress analysis are derived. A flow chart of ARRAYS is given in

Fig. 24(d). Figure 23(d) shows all the subroutines called from ARRAYS.

If INDIC = 3 the load vector Q is calculated in ARRAYS and the linear

system KlX = Q is solved for given circumferential wavenumber, N. De-

pending on INDIC various coefficient matrices are derived. With buckling

analyses, for example, three matrices are obtained in ARRAYS for each value

of N , the number of circumferential waves: the stiffness matrix K I for

the composite shell which corresponds to the structure loaded by the "fixed"

parts of the loads (see Section 2.5); the "load-geometric" matrix K 2 which

contains the linear eigenvalue parameters, and the "42'' matrix K 3 which con-

tains the quadratic eigenvalue parameters. These matrices are derived for

a given value of the circumferential wavenumber N. Figure 22 gives the

flow chart of STABIL. The "fixed" and "variable" prestress matrices PSFIX

and PSVAR contain elements which were derived in the overlay PIKE and stored

on drum or disk. The arrays KI, K2, and K 3 are stored on drum or disk in

blocks of length IMAXB for use by the next overlay BUCKLE. In modal vibra-

tion analysis two matrices are derived in ARRAYS: the stiffness matrix K I
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for the prestressed shell, and the massmatrix M. Thesearrays are stored
on drumor disk in blocks of length IMAXBfor later use in overlay BUCKLE.

The linear equation systemfor the stability or vibration analysis is
solved in the overlay BUCKLE,a flow chart of which appears in Fig. 24(e).

Figure 23(e) shows all the subroutines which are called by BUCKLE. Subroutine

BUCKLE is called for each value of the circumferential wavenumber N. The

arrays derived in ARRAYS are read in from drum or disk.

If INDIC = 1 (linear buckling analysis) the eigenvalue problem

(K 1 + kK 2 + k_3) [x] = 0 (lll)

is solved for the first NVEC eigenvalues with the correct sign (EBAND).

In many structural systems buckling is physically possible with loads

of opposite sign than those actually present. Therefore in EBAND eigen-

values which are negative are not counted as "accepted" roots. It is

possible_ for example, for the user to specify NVEC = 3 and for more than

3 eigenvalues to be obtained. The negative eigenvalues are given (printed

out), and orthogonalizations (_RTH_) are of course performed with respect

to their associated eigenvectors_ but calculations will continue until the

prescribed number (NVEC) of positive eigenvalues has been determined. With

INDIC : 2 the eigenvalue problem to be solved for NVEC eigenvalues is

- : o (112)

in which M is the mass matrix. (M, incidentally, is not diagonal because

u. and v. are at "half" stations and discrete ring rotatory inertia is
1 1

included.) This solution occurs in subroutine EBAND2. The procedure for

finding the lowest buckling load with nonlinear prebuckling effects in-

cluded is described in Section 2.6.
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Figure 24(f) is a flow chart of the overlay M_DE. In this overlay the

solution vectors of the linear stress_ buckling, and vibration analyses are

processed to provide displacement and stress or stress resultant distributions

:in the shell and in the discrete rings. Figure 23(f) shows the subroutines

which are called from M_DE. F_6ure 24(g) is rJ flow chart of the overlay

PLOT. In this overlay the data which are printed out from READIT(2) are

plotted. Figure 23(g) shows the subroutines which are called from PL_T.

These routines are written for the SC4020 plotter.
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Section 4

INPUT DATA

4.1 Tables with Input Data

Tables 2- 3 give the input data for B_S_R4. The tables show the data names

and definitions of the program variables. Further explanation for some of the

data variables is provided in Section i; Tables i.i - 1.3, and Section 4.2

below. The tables are presented in the order in which the data are read in.

THE FORMAT OF INTEGER VARIABLES (VARIABLES WITH NAMES BEGINNING WITH I; J; K;

L; M; N) IS i016; THE FORMAT OF FLOATING-POINT VARIABLES IS 6E12.8. Figure

25 shows the general arrangement of a data deck for the B_S_R4 program.

Tables 4-10 show the input data for samples cases 1-7, respectively.

Cases 1-6 are shown in Figs. 26-31_ respectively; and Case 7 is shown in

Fig. 36. The output for these cases is described in Section 6. Reference 3

contains other sample cases, in particular cases based on the complex shell

shown in Fig. i. The input data for these cases are very similar to those for

B_S_R4, although it is not identical.

Several of the input data definitions in Table 2 contain the advice

"See Section 1.5", or "See Table 1.2", etc. The user must follow this advice,

especially during his initial acquaintance with B_S_Rh.

4.2 Input Variables which Require Judgment

Some judgment is required in the selection of some of the input quantities

listed in Tables 2-3. A knowledge of shell theory is helpful in this regard.

These input quantities are given below.

INDIC .• • Control integer for type of analysis. It is often advisable

in buckling analyses to use INDIC = i with a rather wide range

for N for the first run through the computer (linear buck-

ling analysis). With this choice NVEC buckling loads are ob-

tained for circumferential wavenumbers from N = NOB to N = NMAXB

in steps of INCRB. The user can obtain multiple buckling loads

at a given N only with INDIC = i and 4. Computer time is

often saved in this manner, since the wavenumber corresponding

to the minimum load is often not known a priori, even approx-

imately. Also; there are cases for which two minima exist,

and the user must find the absolute minimum. Wit h INDIC = -i_

only the relative minimum will be found unless more than one

case is run, each case with its own range of N.
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The capability of finding morethan onebuckling load at a
given N is particularly useful to the designer whowishes
to find the buckling allowable of a complexshell such as
that shownin Fig. i. The lowest buckling pressure might
correspond to buckling of the cylinder, but at a few psi
higher the ogive might buckle. Thus, the designer would not
greatly improve the overall structure b_ strengthening just
the cylinder. Hemust knowthe loads for which each of the
segmentsbuckles whenthese segmentsare analyzed as part of
a larger structure.

In cases for which two eigenvalues are close together or for

which bifurcation buckling loads are close to axisymmetrir

collapse loads, it is occasionally advisable to use INDIC = -2.

In this way the first vanishing point of the stability determ-

inant is approached gradually, and if axisymmetric collapse

occurs at higher loads than nonsymmetric buckling, the sta-

bility determinant will change sign and the bifurcation

buckling load will be determined.

With INDIC = 4 there are two possible flows of calculations:

If IPRE = O the prebucklin_ stress resultants NIO and N20

and the prebuckling meridional rotation X o are reaa zn

directly for a certain number, NSTRES, o_"merl_lonai stations.

Linear interpolation is performed internally for calculation

of these prebuckling quantities at all of the mesh stations

of each segment. Buckling loads (NVEC eigenvalues for each

circumferential wave number N) are then calculated for the

range NOB to NMAXB in steps of INCRB. If IPRE / 0 the _re-

buckling quantities are calculated from the linear theory for

nons_mmetrically loaded shells, just as if INDIC were equal

to 3. The user _reselects the meridian (value of 8_ called

THETAS in Table 2) which he feels represents the '_orst" _re-

stress from the point of view of stability. For example_ a

cylinder submitted to external pressure which varies around

the circumference will generally buckle where the pressure has

the highest amplitude. The B_S_R4 program will use the meri-

dional stress distribution at 8 = THETAS in the stability

calculations. In the stability analysis the flow of calcu-

lations for both cases IPRE = 0 and IPRE / 0 is the same as
that for INDIC = i.

NOB, NMINB, NMAXB ... Initial circumferential wave number, minimum wave number_

maximum wave number. Judgment is required here in the case of

buckling analyses, for which the minimum buckling load with

circmaferential wave number is being searched for. The com-

puter times goes up approximately linearly with the number of

values of wave number N which must be investigated in order

to find the minimum. Experimental evidence is of course very

useful in determining a good choice of NOB, NMINB, and NMAXB.

If none is available the user is advised to try the following
formulas:
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INCRB...

(i) For monocoque dee_ shells_ axial compression:

N : [(Nominal circumferential rad. of curv.)/t]i/2(l - v2)

(2) For shallow spherical caps supported rigidly at their edges;

external pressure

N = - 5

(3) For axially compressed conical shells and frustrums

Use formula 1 where the circumferential radius of curvature,
R, is the average of the curvatures at the ends.

(4) Spherical segments of any depth under axial tension

N = 1.8*(R/t) I/2 sin [_i + 4.2 (t/R) I/2]

where o_ and o_ are the meridional angles at the segment

beginnin_ and end, respectively.

(5) "Square" buckles for short shells or panel buckling

N = wr/L, where L is the shell arc length.

The above list of formulas is by no means complete. However,
notice that (R/t)l/2 is a significant parameter. If N is

known for a shell of a given geometry loaded in a certain way,

a new value can be predicted for a new ,R/t through the knowledge

that N often seems to vary as (R/t)l/2. (R is the circum-

ferential radius of curvature.) Experience in the use of the

program will lead to further competence in the selection of

appropriate values for NOB, the initial guess at N. The user

must be sure that the input range NMINB _ N m NMAXB includes

the minimum minimum buckling load. (see pitalls)

With INDIC = 3 and symmetric and nons_mmetric load harmonics

with both sin N8 and cos Ne components_ the user must

include both negative and positive values of N in the range.

With INDIC = i or 2 the program calculates buckling loads or

vibration frequencies, respectively, for N = NOB through NMAXB

or NMINB in increments INCRB. A minimumbuckling load with wave

number is not sought automatically. That is, INCRB is not changed
during the calculations.

Initial value for the increment (or decrement) by which N is

increased or decreased in buckling and vibration problems.

In the search for the minimum buckling load, for example,

one may only be certain that the N corresponding to the

minimum buckling load lies in the range 2 _ N _ i00. One

might, therefore, choose INCRB = i0 and "zero in" on a more

accurate value in an additional run. If INDIC = 3 the value

of INCR (positive or negative_ magnitude) depends upon which

circumferential load harmonics are present.
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NVEC . . . Number of eigenvalues to be calculated for each value of N.

Applies only if INDIC = i, 2 or 4. The number of eigenva]ues

to be calculated depends to a great extent on computer time

available to the user and the number of mesh points being

used in the particular case. If one tries to find many eigeh-

values of a system with few degrees of freedom, the higher

eigenvalues will not be accurately determined. In general, it

is advisable with B_S_R4 to keep NVEC between i and 2;,. B@S_R4

- Facontains an eigenvalue shift capability. Hence, nega{,zv_ eigeh-

values are not included as "acceptable" roots_ even though

they are calculated and printed out. Also there is no loss in

accuracy of successive roots as occurs in analyses with no

shlftzng .

IFIX, IFIXB ... Displacement restraint coefficients. Although most practical

shell structures are supported at their ends by discrete rincs

or other structures which can be modeled as discrete rings, _t

is often desirable t_ be.able to specify any combination of the

displacements u _ v , w , and the meridional rotation X e_uai

to zero at the boundaries of the composite shell. "These re-

straints may be applied even though there is a ring present at

the _oundary. The displacements can be specified equal to zero

at a support point which does not necessarily correspond to the

edge ,of the reference suriace. In Fig. i is shown a shell

which !/_L "_ support (u* :- w* = O) at a point "A" which is re-

moved a cert'_in distance from the end of the reference surface

merJ dia_,

Cert_i_ di.spia<'ememt restraint conditions apply for planes of

s_:_et%.' i_ shell structta'es. In buckling problems if use is

mad<: ,_t' rsq_mel,ry conditi_)J_s one must test for buckling loads

_'orr_-:_! _ii_g to modes boti_ sy1_etric and antisymmetric at

th%t end ct the shell which corresponds to its plane of ss_Jnetry.

If' _nu wis_'.s t,n analyze a shell with a ring support at a i;lane

_(' ;;j,:sr_:1,rj,olie may cut the shell at the ring station and use

as r'i_g m d_fi]us ER, tor:_i_ma] rigidity GJ, and mass derr;ity

F_ , _o-_i:i' the actual quantities. The other ring properties

suc} ,,;: i]_.q ]Y, IX, EL, E; re.mai_ unchanged.

DI(1), DI(I' ..... ;_:.:]..._I_ r' t" . .tL;_<.::,nti:_uitJe:; in meridian between adjacent

;,ed_ _ : _ , £i '_Pes from supEort points to meridian. The

_:_."_ ! _Li _! these y_r,_meters sometimes depends upon how

:},_. , _ _. i,i..: !o co_,.:'Lr_<'t iLe model of the actual composite

;:] .: i .', _:,_ . A s_]el, with discrete rings, for examl_le,

i_i,: _ i_, :. i '_,,i :_ .u ;:,ii-_6]e segment with the discrete r:ir:i_s

_._.._s! ! .... ._ i_ atta,:he,1 at certain points along the :rier'dian.

]_: ' ,_ :, _!'_];;:_i_: _>e+r'Ir_l_,_+!, the #hell wall to herod under

':_, : ' _' r]:_i:<'+,r_],:;ii:: '_tt,uc:ed to it_ since t!_e

,%_Ni



attachment point is assumedto have zero length. However,the
analyst can also treat the sameproblem as a shell of many
segmentsin which the portions of shell wall in contact with
the discrete rings are considered to be parts of the rings.
In this case discontinuities exist betweenthe reference sur-
faces of adjacent segments. In especially important cases
the user is urged to model the structure in various waysand
to comparethe results. It is particularly advantageousto
construct the models in suchwaysas to obtain upper and lower
boundson stresses, buckling loads, and vibration frequencies.

P, DP, TEMP,DTEMP... '_Fixed"pressure, "variable" pressure. '_ixed" temper-
ature rise, "variable" temperature rise. In B_S_RL,if INDIC / 3,

the pressure distribution on the shell reference surface is

given by

P*_(s) or DP*f'(s)

where f(s) is the meridional distribution, read in as in-

dicated in Table 2 (PII, PI2, etc., PT, PC, etc.). The

temperature distribution has an analogous form. TEMP must

equal unity and DTEMP = 0 if any shell segment has NWALL - 8

(temperature-dependent materia i properties ).

NPSTAT_ NTSTAT ...

]',?!-'GRAD ...

Number of meridional stations in current shell segment for

which pressure_ temperature are called out. Arbitrary pressure

and temperature distributions are permitted in B_S_R4, The user

can supply pressures and temperatures at certain stations on the

meridian, and the program will supply the pressures and tempera-

tures at all meridian stations in the finite-difference mesh by

linear interpolation. If mechanical/thermal loading are present

with INDIC = 3 or 4, NPSTAT/NTSTAT must be _ 2.

Type of thermal gradient through shell thickness:

NTGRAD

i

2

3

Type of Gradient

T = T! + T2*z + T3*z 2

T = TI + T2*z T3

T = TI + T2*exp (z'T3)

z is measured from the reference surface_ positive in same

sense as positive w.

_'MAL] .... Type of shell wall construction. Judgment may be required here

particularly in the case of shells stiffened by rings. In many

instances, it muy be difficuit :['or the user to decide whether in

the analysis to treat the ri_E_: _s discret,: elastic structure;_

or whether to smear them ,':',_t.

Some experience wif,h s!-,-!! _.{_,h_vior is a ;r:,_luable guLh , o;i

course. If computer ' i:, ' ,_ obstaclh _ then the user is

_dvi;ed to anal vzc _ ;..... , i structur_ both ways.
)



In important analyses it is always advisable to set up various
modelsof the structure, which leads to better u_derstanding
of the behavior of the systemand moreconfidence in the
results. An analysis in which the rings are smearedout leads
to prediction of general instability or vibration behavior in
which both rings and shells are in motion. Local "panel" buck-
ling or vibration canbe predicted only if the rings are treated
as discrete. In stress analyses, stress concentrations which
occur in the neighborhoodsof ring stiffeners can be obtained
only if the rings are treated as discrete.

The user will note from Table 2 that two branchesare provided
for the analysis of layered, orthotropic shell segments,
NWALL= 5 andNWALL= 8. With NWALL= 5 the material properties
of the layers are regarded as temperature-indel,endent. With
this branch the temperature canbe treated as an eigenvalue,
and buckling temperatures can be calculated. With NWALL= $,
the material properties are regarded as temperature-dependent,
and the temperature cannot be an eigenvalue (DTEMP= 0). If
NWALL= 8 for any of the shell segments,TEMPmust be equal to
i and DTEMP= O. T_e temperature distribution on those seg-
mentsmust be axisymmetric. If INDIC= 3 the N = 0 harmonic
mustbe the first harmonic investigated.

NMESH... Numberof meshpoints in a shell segment. The values of NMESH
are amongthe most important variables in the analysis, since
they govern, to a large extent, the accuracy of the solution.
It is sometimesadvisable to vary the meshspacing in a given
shell in order to achieve rapid convergencewith increasing
numbersof points. A feeling for proper values for NMESHcomes
with experience. Fewpoints are neededfor cases in which the
solution is expected to vary slowly along the shell meridian.
Points should be concentrated in areas wherethe solution is
expected to vary rapidly. Note that buckling or vibration
modaldisplacements maynot necessarily vary rapidly in the
sameareas as prebuckling quantities. If the accuracy of some
numerical results is in doubt one mayrun the case again with
moreor with fewer meshpoints. A jagged solution for the
buckling or vibration modeindicates the need for moremesh
points. If one is planning to perform a parameter study based
on shells of similar geometries one should choosea sample
caseand run with different numbersand distributions of mesh
points. In this way, the user moreor less "optimizes" the
computeranalysis with respect to accuracy and economy.

NST,NRZIN... Meridional shapeselector within the branch NSHAPE= 4 (general
shapes), numberof meshpoints for curve fit. The geometry
parameters r_ r t, i/Ro, I/R I and (I/R_) t are calculated in
the branch NSHAPE= 4 _y a spline fit _ethod. (Subroutines
SPLINE,SPLICO). Various meridian shapesare associated with
various values of NST. For each value of NSTthere is an input
parameter called NRZINor ZNUMB.This signifies the numberof
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points used for the spline fit, and does not have to be

the same as the number of mesh points in the current segment

N_SH. In most cases, it is advisable to make NRZIN less

than NN[ESH. In any case NRZIN should be greater than about

lO. The choices NST = 2 and NST = 5 correspond to meridians

with the shapes given by the formulas for R in Fig. 33(d).

NST = 2 corresponds to a meridian the shape of which is

generated "left-to-right"; NST = 5 corresponds to the same

formula, but with the shape generated "right-to-left" as

shown in Fig. 33(d). These branches can be used to describe

weld sinkages, for example. The user can broaden the applic-

ability by changing the appropriate formula for R in Sub-

routine SHELL.

NRINGS ... Number of discrete rings in a given segment. It is pointed out

_ere that line loads can be applied only at mesh stations which

correspond Go discrete ring locations. Hencea the input _aram-

eter NRINGS must allow for any "fictitious" rin_s which corres-

pond't0 points on the meridian at which line loads are applied,

but at which no actual rings exist.

PDISTI (LIISEG
PDIST2 (L ,ISEG I

TDIST (L,ISEG)

PLINI(L,ISEG 1 ... Load harmonic amplitudes corresponding to the Lth harmonic

PLIN2_L3ISEG _ to be treated 0y the program. Note that the circumfer-

TLIN (L,ISEG) ential wavenumber N is not necessarily equal to L ,

since five harmonics (L = l, 2, 3, 4, 5) may correspond

to N = O, 3, 6, 9, 12, for example. The order in which

the harmonics are read in is determined by NSTART_ NFIN,

INCR, as discussed above. The loads are harmonic functions

of the circumferential coordinate 8 are given by Eqs. (86),

where the Nth harmonics are denoted V _ S _, H _j M _, etc.
n_ n_ _± ni

and V _ S _, H _, M _j etc. The subscript one corres-
n n_ n_

ponds _o positive values of N. With N = 0 and N = ± I the

user must make sure that all of the line loads and pressures

for the entire structure are in static equilibrium_ since

the load components and moments are not self-equilibrating

for these wave numbers. The line loads are assumed to act

at the centroids of the discrete rin_s. See Section 1.5;

Table 1.3 for further explanation_ examples_ sign convention.
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Section 5

POSSIBLE PITFALLS AND RECOMMENDED SOLUTIONS

The following is a compilation of items which'may cause the user of the

B_S_R4 program some difficulty. Suggestions are given for overcoming the

difficulties.

5.1 Provision of Consistent Input Data

In the initial use of a complex program such as B_S_R4 it is possible

that the input data may not be consistent. The user is urged to check care-

fully the list and plot output for errors in the input data. It is advisable

to use the option NPRT = 2 (medium output) for any new investigation. In par-

ticular, boundary conditions, position of discrete ring stiffeners_ meridian

_e, line loads and surface loads should be checked. The user must see to

J_ that t_ input loads are self-equilibrating. Often the best way the user

ca_. familiarize himself with the input procedures is to run cases for which

_c knows the answers beforehand. A check of the mode shapes and stress dis-

tributions often reveals possible errors in input. It is emphasized that the

user should check the sample cases to see if they can help him to set up a

flew case.

5.2 Finding the Minimum Buckling Load

The theory on which B_S_R4 is based does not exclude the possibility that

several values of circumferential wave number N may be associated with

minimum buckling lo_ds. One must always find the minimum minimum. This

problem frequently arises in the calculation of buckling loads for complex

shells or ring stiffened shells. A ring-stiffened conical shell under ex-

ternal pressure is such a case. Here there could be a minimum buckling

load corresponding to general instability and additional minima (at higher

values of N) corresponding to the local failure of each conical frustrum

(the bays between the rings). Physical intuition is invaluable as a guide

to finding the absolute minimum load in this respect. One may idealize each

oay of a ring-stiffened shell by assuming that the bay is simply-supported,

calculate corresponding "panel" buckling loads with corresponding values of
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N (perhapswith linear prebuckling theory in order to save computertime), and
then use the critical loads and values of N as starting points in an in-
vestigation of the assembledstructure. For problems in which it is felt

that linear prebuckling theory is rather accurate, one maytreat the assembled
structure by exploring a wide range of N with INDIC = i. Further calcula-

tions with the critical values of N could then be madein subsequentruns.

5.3 Multiple or Closely-Space Ei_envalues

In the case of ring stiffened shells it may turn out that eigenvalues

corresponding to vibration frequencies or buckling loads are close together.

This is particularly true of ring stiffened cylinders where the rings are

equally spaced and rather stiff in bending compared to the shell bending

stiffness. With such a configuration there are many modes in which the

motion of the rings is of small amplitude compared to that of the shell.

The bays between the rings vibrate at frequencies or buckle at loads which

may approximate those corresponding to a simply-supported cylinder of the

same geometry as the bay. Multiple or close-spaced eigenvalues correspond

to modes in which one or more of the bays is vibrating or buckling while

others are unaffected. True multi1_le eigenvalues are eliminated by use of

syn_etry and antisymmetry conditions at planes of symmetry in the shell.

In eigenvalue problems the user should always analyze as small a segment of

shell as possible in order to avoid numerical difficulties associated with

multiple eigenvalues.

5.4 Behavior at Apex of Shell

Certain regularity conditions exist at the apex of shells the meridians

of which intersect the axis of revolution. These conditions have been satis-

fied to the extent which the finite difference model permits. Because of the

"half-station" spacing of u and v , however_ all of the regularity conditions

are not satisfied exactly at the apex. This truncation error leads to errors

in the local values of the stress resultants in the immediate neighborhood of

the apex. The actual stress resultants at the apex can be obtained simply by

extrapolating the solution from a region slightly away from the apex _n which

it is regular.
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5.5 Calculation of Same Ei_envalue Twice; Eigenvalues 0_:t of Order

In problems for which the user requires more than about 5 eigenvalues

for a given circumferential wave number N, the subroutines EBAND and EBAND2 may

occasionally compute the same eigenvalue and eigenvector more than once. It

is also possible on occasion that eigenvalues will be calculated out of order

or that an eigenvalue will be ¢issed. Unfortunately, there is no way to make

an eigenvalue finder based on equations of the type used in the B_S_R_ program

1OO 9 reliable. The calculated eigenvalues are always eigenvalues of the system,

but occasionally some eigenvalues may be repeated or missed. If it is suspected

that an eigenvalue has been missed_ it may help to run the case with a different

number of mesh points, or to run the same case with a higher value of NVEC.

5.t Buckling and Vibration of Structures with Planes of Symmetry

A fairly common oversight on the part of a program user is the failure to

run a case in which buckling and vibration modes are sought which are anti-

symmetric with respect to a plane of syrmnetry. If half a shell or a part of

a shell is being analyzed because of the existence of planes of symmetry,

then the analyst must check for buckling and vibration both symmetrical and

antisymmetrical with respect to the planes of symmetry.

5-7 Thermal Buckling in Cases with Weak Temperature Dependence

Consider a shell with combined external pressure and a temperature dis-

tribution. It is desired to find the combination of pressure and temperature

which cause buckling. Either the pressure or the temperature or both can be

considered variable (eigenvalue parameters) or constant. In some cases buck-

ling may be due almost entirely to the pressure, with variations in the tem-

perature having little effect. This would be the case in a long cylinder with

external pressure in which the cylinder is free to expand in the axial direction

but restrained radially near the edges. The temperature rise causes local hoop

compression near the edges, but the buckling mode corresponding to pressure as

the eigenvalue has a maximum amplitude away from the edges. Hence , the tem-

perature has little effect on the buckling load. If the temperature is con-

sidered to be the eigenvalue and the pressure is held constant, it is possible
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that no eigenvalue will be found, indeed that one may not exist. In c_ses in

which both mechanical and thermal loads are present it is advisable to cons]3er

the meehanical loads to be the eigenvalues and to determine the effect of tem-

_:er_ture by the performance of a parameter study with temperaturL: _s the

parameter.

5.8 Stress Resultant or Stress Discontinuities at Junctures and Boundarie._

Stress resultants and stresses need not be continuous at segment junctures;

in all cases, of course. However, the user of BOSOR4 will notice that for

some cases in which these quantities should be continuous there exist small

discontinuities right at junctures. These discontinuities arise fro.< the

fact that the finite-difference energy method leads to larger truncatio_i

errors st boundaries than inside domains. If the user is p_rticularly in-

terested in stress at a juncture or boundary_ it is urged that he toncentr,._te

mesh points in this area to minimize truncation error. In any case, the

BOSOR4 program is written so as to ninimize the effect of' boundary truncation

error. The stress resultants are "corrected" as described on pages 172 and

173 of Ref. 15. In addition, "extra" mesh points are automatically :inserted

near the points on junctures and boundaries in order to make the truhc_tio_

error as small as is feasible without encountering difficulties ussoc_ated

with precision round-off error. This feature is more completely _lescrihed

in Section 6.

5.9 Nonconvergence of Inverse Power Iteration Method

In certain eases the inverse po_er iteration method for finding feral

eJ!':envalues may not converge. The reason for _iack of convergenco ffs usu_i_y

th_% com_,iex roots are present correspondin6 to the eigenvu]ue _roL Le;_:

2

(K_ + XK. + X K3)x = o ( J '!")

An cx_m>-ke is buck!:_R" )f _ simply-supporteJ #'lab pi_te ,,;:]%LunLi'or_'. ]::_!.erL_}.

[<:_d. TiL<_ prebucki:i;_ d [,,_):<_vior of tile ):]'Jte is v.ry non]:i!_,_ur, :;_:_ :_ r"_.

.'_':.... :_r{']c ;rte="idJorF!: *'ot:ttions at the L_di,ie C'i' tP:e [)[.'21,} w[t_gL'e (!i ;t'i: _: [hiz:/

: o_ r< r:l:,_:; i <_ l<::'ce_,: _: _ur. Another e>[:_[]_ ]_: .[ J: ;J [_[l ] ]''tl;'[[_ iy _ ['It' i ' Fr I [ 'it' "'



simply supported at its edges. The local restraint near the edges cau_es

hoop compressive stresses to develop. These destabilizing stresses occur

in the neighborhoods of the edges where the meridional rotations are large.

In both of these examples the large meridional rotations cause K 3 to be of

greater importance in relation to K I and K 2 than is usually the case. In

situations such as these complex roots are present and generally prevent con-

vergence of the inverse power iteration method as formulated in Eq. (37).

The B_S_R4 program is written such that if, during inverse power iterations,

the sign of the eigenvalue changes 5 times or more_ the solution is automati-

cally attempted with the prebuckling rotations set equal to zero. If the

user desires a solution of a case including prebuckling rotations for which

the presence of complex roots prevent convergence, he is urged to use the

INDIC = -2 option.

5.10 Correct Modeling of Discrete Rings

It has been common in past analysis to neglect out-of-plane bending stiff-

ness (terms involving Ix) and torsional stiffness (terms involving GJ) in the

analysis of shells with discrete rings. The user is cautioned not to neglect

these terms, in particular not to neglect the out-of-plane bending stiffness

of the discrete rings (Ix). Such neglect may lead to very low estimates of

the buckling loads, particularly in cases in which the ring is prestressed in

compression and in which its centroid is located at several shell thicknesses

away from the reference surface. Note als% that if the web of the rin_ is

very thin in comparison with its length (height), the composite shell-ring

structure may fail by crippling of "sidesway" of the web. These failure modes

can be predicted by treatment of the webs as shell branches rather than as

parts of the discrete rings.
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Section 6

DESCRIPTION OF B¢SCR4 OUTPUT

In this section a glossary is given and the output corresponding to the

seven test cases shown in Figs. 26-31 and Fig. 36 is described.

ALPHAI

ALPHA2

ALPHAT

6.1 Nomenclature of the B_S_R4 Output

angle from axis to beginning of spherical segment (degrees)

angle from axis to end of spherical segment (see Fig. 3 )

distance from axis to ctr. curvature of spherical

segment

AREA discrete ring cross-section area (in. 2)

BETA meridional rotation, denoted X in analysis

CHI0 prebuckling rotation Xo

CUR1 meridional curvature, I/R 1 (in. -I)

CUR2 normal circumferential curvature, I/R 2 (in. -I)

CURID s-derivative of meridional curvature, (I/R1)' (in. -2)

DET stability determinant "mantissa": Determinant : DET*IO NEX

DH "variable" radial line load or radial line load increment

(ibs/in) (Fig. 21)

DM "variable " meridional moment, or meridional moment

increment (in-lb/in) (Fig. 21)

DP "variable" pressure multiplier_ or pressure increment

multiplier (psi), positive internal

DTEMP "variable" temperature rise multiplier_ or temperature

rise increment multiplier

DV "variable " axial line load or axial line load increment

(ibs/in) (Fig. 21)

EIGENVALUE Meaning depends upon case. See sample output.

ER discrete ring modulus of elasticity (psi)

E1 discrete ring radial eccentricity (in.) (Fig. 21)

E2 discrete ring axial eccentricity (in.) (Fig. 21)

GJ discrete ring torsional rigidity (ib-in 2)

H "fixed" or initial radial line load (ibs/in) (Fig. 21)

ITER number of Newton-Raphson iterations for convergence of

nonlinear axisymmetric stress analysis to within 0.1%
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IX

IY

IXY
M

MIO, M20

MI, M2, MT

NIO, N20

N

NEX
P

FU, PV, PW

PND
RADIUS
RAD

RADD
RC
RM

S(K)

SHEAR
SIG_l(IN), Sl(IN)
SIGMAI(OUT),Sl (0UT)
SIGMA2(IN)_ S1(IN)
SIGMA2(OUT),S2(0UT)
siG (IN),svoN(IN)

slope SvoN(o )

TEMP

TMR

discrete ring moment of inertia about x-axis (in 4)

(Fig.21)
discrete ring moment of inertia about y-axis (in 4)

(Fig.21)

discrete ring product of inertia (in 4)

"fixed" or initial meridional line moment (in-lb/in)

(Fig.21)

prestress or prebuckling meridional_ cirr.umferential

moment resumtants_ positive as shown in Fig. 35 (in-lb/in)

linear stress analysis meridional, circumferential_

twisting moment resultants_ positive as shown in Fig. 35

(in-lb/in)

prestress or prebuckling meridional, circumferential,

resultants(ib/in)(Fig.

circumferential wave number

exponent for stability determinant (see DET)

pressure multiplier, positive internal (psi)

pl _ p2 _ p_ in Fig. 35: meridional, circumferential,
normal outward pressure components (psi) for given wave

number N

derivative of normal pressure with respect to arc length s

same meaning as ROT in Fig. 32(b) (in)

radius of parallel circle_ r_ in Fig. 35 (in)

derivative of r with respect to arc length s (r')

radius of discrete ring measured to centroid (in.)

ring material mass density (ib-sec2/in 4)

arc length to kth discrete ring from "A" end of reference

surface (in)

applied she_r line load, Fig. 21(ib/in)

inner L'iber meridional stress (psi) "Inner" fiber on

outer fiber meridional stress (psi) left side of in-
creasing arc

inner fiber circumferential stress (psi) length. Outer

outer fiber circumferential stress (psi) fiber on right side.

inner(psi)fiber yon Mises "effective" stress Y._ __T"_D
outer fiber yon Mises "effective" stress ER

(psi)

"fixed" or initial temperature rise multi )lier

"fixed" or initial thermal line moment about x-axis M T
X
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TMRX
TNR

TNI, TN2

TMI, TM2

U, U0

[IV, USTAR

V, VSTAR

V

W, WO

WSTAR
Z

"fixed" or initial thermal line momentabout y-axis MT
"fixed" or initial thermal hoopforce NT Y

r
meridional, circumferential thermal stress resultants
T T

NI , N2
meridional, circumferential thermE_lmomentresultants

meridional displacement component(modal or linear stress
analysis, prestress analysis) as shownin Fig. 35 (in)
axial displacement (u* in Fig. 20) for prestress analysis
(in)

circumferential displacement component v,v in nonsymmetric

analysis(in)(Fig.35)

"fixed" or initial axial line load (ib/in) (Fig. 21)

normal outward displacement component (modal or linear

stress analysis, prestress analysis) as shown in Fig. 35

(in)
%

radial displacement w (Fig. 20)

distance from shell inner surface to reference surface

(in)

6.2 Description of Computer Output from B_S_R4

The output from B_S_R4 consists of print output and SC4020 plot output. Seven

eases are described in this section. These cases correspond to the types of analy-

ses INDIC - -2, -i, O, i, 2, 3_ and 4. The structures being analyzed and some re-

sults are shown in Figs. 26-31 and Fig. 36. The list and plot output for these

seven cases is given in Appendix A. The input data are given in Tables 4-10

(Appendix B) •

Case #i: Aluminum Frame Bucklin_

Figure 26 shows the problem. The input data are listed in Table 4. This

case exercises the INDIC = i option. It represents a general buckling and

crippling analysis of a "T"-shaped frame, and illustrates the phenomenon of

more than one minimum in the "plot" of buckling load vs. circumferential wave

rlui[lb e r.

The frame is treated as a branched "shell" of three segments, the geometry

of which is given (with constraint conditions) on the first three pages (AI) -

(A3) "d' output. The user will notice that each segment has two mesh points

more than the number provided as input (see values for I@IESH in Table 4).
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Two additional w-points (see Fig. 3) are "inserted" automatically between the

first and second and last and second-to-last points in each segment. This

measure is taken in order to reduce the truncation errors associated with

oom_daries and to prevent spurious modes associated with the fictitious points

(see Ref. 15). If h is the original mesh spacing at the edges_ the "extra"

w-foints are located at h/20 in from the edges. It is emphasized that the

user does not need to consider these extra points in making up a case. All

quantities are automatically %hifted" to account for the internal change.

It is imporLant tc _oint out that the "stations" and "arc lengths"

printed out on Page A2 refer to the points at which the energy density E

is evaluated (see Fig. 3)_ and not in general to the %" mesh points.

Each "energy point" is located half-way between adjacent "u-points" As

seen from the sketch below_ if the mesh spacing varies, as it doe_ at the

ends of each segmentj the "energy points" do not coincide with the 'W-points"

in regions of varying spacing.

0 X _r

O

tl

+

T
U

E 2

T

0

II
tx_

_)
OJ Od

Od

0 rS_
0

U U W

LY_

II

tO

E4

[
T I

U

The positions of the first four stations, S(1) S(4) in this case are shown

in the above sketch. All of the output quantities correspond to the

"energy stations" E.. In addition_ discrete rings are assumed to be
I

attached at the "energy stations _ and not at the '_-points". Branch
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locations also correspond to "energy polnts"j and not to '_-looints"

Page A4 gives data related to the constraint conditions. Two sets of

data appear: those corresponding to the axisymmetric prestress problem;

and those corresponding to the nonsymmetric bifurcation buckling problem.

"Types of Constraint" refers to the discussion on Pages 2-14 and 2-15.

This data need be looked at only if the user suspects a bug in the input

or in the program itself.

The end of Pages A4 and A5 shows the prestress distribution correspond-

ing to the "fixed" or "initial" components of the loads, that is, corres-

ponding to P and TEMP (and line loads V, H, and M, if such were present).

Pages A6 and A7 show the "total" prestress state_ that is the prestress

quantities NIO , N20 , and _o which correspond to loads P+DP and TEMP+DTEMP

(also V+DV, H+DF, M+DM, if such were present). The prestress distributions

corresponding to the predicted buckling loads k are given by:

NlOcr = (NlOto t NlOfixed) k + Nl0fixe d

= (N N2Ofixed) _ + N2Ofixe dN2Ocr 20t ot

×o = Xo - XOfixe d + ×Ofixe dcr tot

(ll3)

in which subscript "fixed" denotes the quantities listed on Page A5 and

"tot" denotes the quantities listed on Pages A6 and A7.

The output on Page A7 has to do with calculation of the matrices KI,

K2, and K 3 [Eq. (37)], which is done in the overlay ARRAYS (Fig. 23a), and

calculation of the lowest eigenvalue, which is done in the overlay BUCKLE

(Figs. 23a, 23e). All of these calculations correspond to two circumferential

waves. The line "9 NEGATIVE ROOTS FOR S}£1FT_ AXT = 0.00000" may help the user
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to determine if any ei_enva±ues _roo_sj nave been missed. In this case there

_re nine ne6ative roots for zero shift because there are nine La_range multi-

pliers associated with the nine "non-zero" constraint conditions (see integers

listed under USTAR VSTAR WSTAR BETA on page AI). The quantity of nega-

tive roots for zero shift should always be equal to the quantity of "ones"

listed under USTAR VSTAR WSTAR BETA for the stability and vibration and

nonsy_netric stress con_{.raint conditions. If several eigenvalues are to

be calculc_ted for each wavenmnber N_ and if the user discovers that a root

has been skipped, the lines "9 negative roots ..." can be used with the

shifts, AXT to bracket the missing roots, if any. The statement '_HERE ARE i

EIGENVALUES BETWEEN .000 AND .425$846+03" will tell the user if all of the

roots in a given load range have been found. This number of roots should

equal the input value_ NVEC.

The buckling eigenvalues X and mode shapes for N = 2, 6, i0, and 14

waves are given on pages A7 to AI3. The user can see that N = 2 corresponds

to overall "ovalization" of the ring with virtually no distortion of the ring

cross-section.

mately

The buckling load q for this type of deformation is approxi-

Tlk = q = _T(_2- i)/rc3 (ll4)

in which L I is the length of the first segment (L I = .453 in Fig. 26) over

which the u_iform pressure is applied. The buckling loads for higher values

of N correspond to crippling of the web (Segment 2).

The SC4020 plots for this case are shown with the list output of the modes.

The displacements for the three segments are plotted in series, even though

the structure is branched.

Case #2: Buckling of Hydrostatically Com_0ressed Cylinder

This case provides a test of the INDIC = -i branch of the program for

the shell shown in Fig. 27 and the input data are listed in Table 5. Notice

on pages AI4 and AI5 that two sets of constraint conditions are given. The

first set corresponds to the axisymmetric prebuckling conditions, in which

the axial displacement u is permitted at the beginning of the shell (s=O).
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The second set corresponds to the buckling constraint conditions, in which

the shell is assumed to be clamped at s = 0. Symmetry conditions are used

at mesh station #80 both in the prebuckling and in the stability analyses.

Pages AI5 to A21 give geometrical data and physical properties of the system,

which is treated as a branched shell as shown in Fig. 27. (The frame flanges

are treated as discrete rings, not as flexible shell segments.)

Prebuckling behavior is determined for the "fixed" loads (P = 0.0) and

for the "fixed" + "variable" loads (P + DP = -i.0, V+ DV = -.5075). The

load summary is given on page A22.

A search for the minimum buckling load with circumferential wave number

N is being made on page A23, with the prestress distribution corresponding to

zero "fixed" loads and a "variable" pressure of -i.0 psi and "variable"

axial load of -.5@75 ib/in (hydrostatic line load = pr/2). The three eigen-

values 1104.97, 1475.91, and 1301.55 correspond to the three points labeled

(i), (2), and (3) in Fig. 27. At the end of page A23 a new estimate of the

buckling hydrostatic pressure p = -1104.973 psi corresponding to N = 4 is

available, and prestress quantities NI0 , N20 , and Xo are calculated from the

nonlinear axis_mmetric analysis for p and p + p/lO00 (top of A24). The

new load step is p/1000, or about -I.i psi. The new eigenvalue is -2.875_

which, when multiplied by the load step, gives a correction to p which is

less than 0.5_ of p. The process is thus judged to have converged, and the

prebuckling distributions and buckling mode are listed on pages A25 through

A29.

Pages A27 - A29 also show the SC4020 plots of the prebuckling quantities

and buckling mode. Again the quantities are plotted as if the segments were

arranged in series rather than branched.

Case #3: Nonlinear Analysis of a Uniformly Loaded Flat Circular Plate

This case is a test of the INDIC = 0 branch of the program - nonlinear

axisymmetrie stress analysis for a series of load steps. Figure 28 shows

theproblem with some results and the input data are listed in Table 6.

The first constraint condition (Page A30) corresponds to a "pole" - the cemter

of the flat circular plate, which is on the axis of revolution. In this case

NPRT = 2, so that we expect more output than the minimum corresponding to
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NPRT = i. The additional output consists of printout of the wall stiffness

coefficients C.. (A31) and printout of computer times and Newton-Raphson
ij

iteration numbers in the nonlinear analysis (A33-A3_). In buckling and

vibration analyses the NPRT = 2 output option provides similar tracking of

computer times for formation of stiffness matrices, factoring, and inverse

power iterations. The user is advised to use NPRT = 2 until he is thoroughly

familiar with B_S_R4. The displacements, stress resultants and stresses for

the two load steps given on pages A32 and A33 are listed on pages A35 and

A38. The SC4020 plot output is shown on pages A36 and A37. In the plots

one can clearly see the effects of boundary truncation error referred to in

Section 5.8.

Case _4: Cylinder with Three Point Loads

This case is a test of the INDIC = 3 branch of BJS_Rh - linear, non-

symmetric stress analysis. The problem with some results is shown in Fig. 29

and the input data listed in Table 7- Advantage is taken of the symmetry

plane at s = 240" The user can look at page A43 to see how a discrete ring

at a symmetry plane is handled.

In addition to providin_ a test of the INDIC = _ branch of B_S_R4_ this

case is included to demonstrate the use of BOSOR4 for analysis of point-loaded

shells and to illustrate the treatment of loads which repeat at a number of

stations around the circumfere_Lce. In this particular case the load can be

expanded in a Fourier series in the interval - w/3 _ e _ w/3 (L = w/3)- Page

A_I shows the input load distribution in that interval. (Only the plus 8

coordinates and loads need be read in, since we know that the function is

even; see input data in Table 7-) The range of circumferential wave numbers

N is negative, since we have a Fourier cosine series for the radial load H.

(See Eqs. (86) and pages 2-32_ 2-33.) Also_ we know in advance that only

every third N contributes to the Fourier series for the load distribution

shown in Fig. 29 • The calculated Fourier harmonics corresponding to the

input load distribution are given on page A41. In this case the minimum

output option NPRT = i is used; with NPRT = 2 the user obtains the summed-up

Fourier series of the loads.

Page A42 gives the distance of the reference surface from the inner

surface and the thickness. Pages A43 through A46 give the line mechanical
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and thermal loads for all harmonics to bc processed. The constraint condition

data follow immediately. Virtually all of the machine calculations are being

performed while pages A46 and A47 are being printed out.

On pages A48 to A53 the meridional distributions of displacements and

extreme fiber stresses for e = O, i0, 20, 35, and 60 degrees are printed out.

On pages A53 to A56 the circumferential distributions for 0 _ e s THETAM for

various meridional stations are printed out. Page A58 gives the force and

moment distribution in the discrete ring. Page A57 shows the SC4020 plots.

Notice the very large change in mesh spacing within the segment.

Case #5: Free Hemisphere Vibration

This case represents a test of the INDIC : 2 branch of B_S_R4. The

problem is shown in Fig. 30 and the input data listed in Table 8. The eigen-

values (frequencies in cycles/second), generalized masses, and mode shapes are

given on pages A63 through A75. SC4020 plots of the eigenvectors are also

given.

The generalized mass is calculated from

in which _n is the no_'malized mode shape corresponding to N circumferential

waves, and M is the mass matrix calculated in subroutine STABIL.

Test Case _6: Bucklin_ of Cone Heated on Axial Stri_

This case represents a test of the INDIC = 4 branch of B_S_R4 - buckling

of a nonsymmetrically loaded shell. The problem is shown in Fig. 31 and the

input data listed in Table 9. It is similar to Test Case #9 in the B_S_R3

User's Manual (Ref. 3), except that here advantage is taken of the variable

mesh spacing capability of B_S_R4 and the shell is run as consisting of one

segment.

The temperature rise distribution is given by T = f(s)g(@) in which

g(e) is computed in Subroutine GETY, written especially for this run and

listed below:
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SU_ROu?|_E GETy(NXmX_ZNuSaxPLUS_YHZNUSoYPLU$)
D;_E_STON XH|NUS(100| XpLUS(100),yH|NUS(100)IypLus(100)DO 10 ! • loqX i
YPLU5(_) • EXP('I2,1eXPLUS(|_ee2)

1_ V_INUS_|t • VPLUS(;)
RE?U_N

The meridional distribution f(s) is read in at certain stations from the

experimental data given in Fig. 31 (see Table 9).

Twenty harmonics (N = 0 to -19 in steps of -i) are used for calculation

of the prebuckling stress state. Negative N is used because the function

g(e) is even and therefore to be expanded in a Fourier cosine series.

The eigenvalues given on page A86 are factors to be multiplied by the

input temperature rise distribution in order to obtain the distribution

corresponding to buckling with 20 circu_erential waves. No distinction is

made in the INDIC - k branch between "fixed" and "variable" loads. All loads

are treated as if multiplied by the eigenvalue _.

The mode shapes follow on pages AS[ through A92.

given of the prestress and the modes.

SC4020 plots are also

Test Case #7: Bifurcation Buckling of Shallow Cap

This case represents a test of the INDIC = -2 branch of B_S_R4 - a "plot"

of the stability determinant with increasing load; with subsequent change of

INDIC to -i upon a change in sign of the determinant. Nonlinear prebuckling

effects are included.

Note on Page A94 that the curvatures CUR1 and CUR2 are negative. This

geometry corresponds to the sketch below_ in whic_ increasing s is clock-

wise about the center of meridional curvature. Positive pressure is in

this case "external" to the shell in a physical sense. Note from the output

that the pressure multiplier_ P; is positive. From the input cards

(Table i0) it can be seen that the pressure distribution function; PII_ etc.

is also positive. It can be seen (Pages A97-A98) that the determinant
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A

Normol Displocement "_B

changes sign between 26 and 30 psi. From linear interpolation, based on

the determinant values +12.837 and -10.548, a new load guess of 28.19572

psi is tried, and INDIC is changed to -i. On Page A99 appear eigenvalues

corresponding to the problem

(K I + kK 2 + K2K3) x = 0

in which K I is the stiffness matrix for the shell loaded by a pressure

of 28.19572; K 2 is the load-geometric matrix for a load increment equal

to 30.00000 28.19572 = .180428 psi (see Page A98); and K 3 is the

"prebuckling rotation-squared" matrix_ also corresponding to a pressure

increment of .i_0428 psi. The lowest eigenvalue is -.0433571 correspond-

ing to two circumferential waves, and the new estimate of buckling pres-

sure is 25.11749 psi. An increment of i/I000 th of 28.11749 is added to

this estimate_ the nonlinear prebuckling equations are again solved; and

(K I + KK 2 + K_K3) x = 0 is solved. This time
a new eigenvalue problem

K I is the stiffness matrix at 28.11749 psi and K 2 and K 3 correspond to

s pressure increment of .028117. The eigenvalue is small enough

(IK*DPI<I.O05*PI) such that the pressure 28.i_561 is accepted as the

buckling pressure.
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TABLE 1.3 SIGN CONVENTION AND ORIENTATION OF LOADS

LOAD CLASS

]_:e Loads

i SurI'ace

I Two<it lon
& } ressure

LOAD TYPE NAME

Axial

Shear

Radial

Moment

y -Mome n t

MeridJ ona ]

traction

Circumfer.

tracti om

N orma ]

pre s s u.r+e

V

S

H

M

NT
Y

HT
X

M_
Y

P .c

P2

P 3

Temp. r] se T

SIGN CONVENTION

(axis of revolution

vertical, shell _erid-

Jan to right cf axis)

positive dc_nward

positive out of paper

positive away from axis

positive clockwise

see _age B-ll, TNR(1)

see page B-If, TMX(1)

see page B-II, TMRY(1)

_;o_itive paraltel to.

tncreasi1_g arc Lengtt b s

positive out of paper,

in same direction as v

positive to right of

_ncreasin_ arc length, s

positive for temperature

above zero-stress temp.

CIRCUMFERENTIAL VARIATION

FOR NONSYNMETRIC LOADS

Sin n0

Cos ne

Sin n8

I Sin n_Sin n8

Sin nB

Sin n8

Sin nO

C+s nO

Sin nO

Sin nO

zero or )

(_eg'a tive rJ)

C_',S hO

Sin nO

C,us ne

Cos n_+

Cos nO

Cos ne

Cos ne

Cos l:e

Sin nO

Cos t.B

Cos n_
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TABLE 2

INPUT DATA FOB BOSOB4. I_I_GER FORMAT 1016; FLOATING PT. FORMAT 6E12.8

i0

@ Bead

@ Read

• Read

• Read

• Read

• Read

• Read

• Read

• Read

• Read

If

If

If

• Read P, DP, TEMP, DTEMP

• Read FSTART_ FMAX_ DF

Do 5000 ISEG = i, NSEG

TITLE

INDIC, NPRT, NLAST, ISTRES, IPRE

NSEG, NCOND, IBOUND, IRIGID

NSTAET_ NFIN 3 INCR (Blank if INDIC = -2, -i, 0, l, 2)

NOB, NMINB, NMAF_, INCRB, NVEC (Blank if INDIC = 0,3)

NDIST, NCIRC_ NTHETA

ITHETA(I), I = l, NCIRC I (Blank if INDIC = -2, -i, O, I, 2)

THETA(I), I = i, NDIST

THETAM I THETAS, PREROT (Blank if INDIC = O, 2)

((_ix(i,J),J --1,6),DI(Z),o2(I),I = l, NCO_ )

IBOm_/O and INDIC=o2,-1,1,or 2• Read ((_I_(I,J), J : 3,6),I = l, NCO_ )

IRIGID_ OORead (ISTOPO(1),I = 1,6) k_
No_T__te,2

IRIGID/ OeRead (ISTOPI(1),I = 1,6)

INDIC = 3 or INDIC = 4)
(Blankif

• Read NMESH I NTYPEH 2 INTVAL

If NTYPEH = 1 • Read NHVALU

• Read (IHVALU(I), I = i, NHVALU )

• Read (HVALU(I), I = i, NHVALU )

If i_YPEH : 2 • Read (HVALU(I), I = i, NMESH - 1 )

If NTYPEH = 3 No cards read, constant mesh spacing.

• Read shell geometry parameters, imperfection shapes, location of

reference surface relative to shell inner surface. (go to 15)

• Read discrete ring parameters; number of rings, locations of rings,

cross section properties and material properties. (go to 25)

• Read load parameters: mechanical line loads, thermal line loads,

mechanical distributed loads, thermal distributed loads, prestress

distributions. (go to iO0)

• Read shell wall construction parameters: monocoque, layered, fiber-

wound, corrugated, semi-sandwich corrugated_ temperature-dependent

layered 3 all with or without rings and stringers which are "smeared

out" in the analysis. (go to 3000)

5000 Continue
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TITLE

INDIC

NPRT

NLAST

LSTR ES

IPRE

NS EG

NCOND .

[BOUND

IRIGLD

NSTAR T

NFIN

INCR

NOB .,

NMINB . ,

NMAXB . .

/NCRB . ,

NVEC . .

NDIBT . .

NCIRC . .

NTH ETA .

"'HETA .

ETA . •

i : I ETAM •

Ii_ F:TAS .,F:_or

li fX . .

D[ ..

DZ ..

1FD(B ..

ISTOP0 . .

ISTOPI ..

P ....

DP .,.

TEMP ..

DTEMP..

FSTART.

FMAX ..

DF ...

NMESH , .

NTYPEH .

INTVA L .

NH VA LU .

9iVA LU .

HVALU

72 o_._rless alphanumeric characters, first 4l of which appear on plots.

-2 = de'.ermlnant "plot" ; -I = bifurcation buckling with nonlinear prestress; 0 = nonlinear stress analysis;

l = linear buckling, several ei'genva_u'el/N; Z= modal vibration: 3 = linear stress; 4 = linear buckltn i vHth non-
symmetric prestress. See Section l. l, samples cases in Appendix A, Section 4. Z,

1 = minimum printout; 2 = medium printout: 3 = maximum printout. (Use 2 almost always. ]

0 = plots provided for this case; -t = no plots this case, (SC 4020 plot package required)

0 = stress resultants and displacements; I = stresses and displacements (I with monocoque isotropic only).

meaningful only if INDIC = 4:0 = prestress read in from cards: I = _restreas computed internally.

number of shell segments (Less than 25}.
number of points at which constraint conditions are to be imposed (less than 50).

0 = buckling, vibration constraint conditions same as those for axisymmetric prestress analysis; | = different fr.

0 no additional _ prevention constra'_-necessary; I = additional such constraints are nece'ssary. {See
-- Sec, l, 4)

startin circumferential harmonic for nonsymmetrtc stress anal_'sis. (See Sec. 1, 5, [Maximam of
_ircumferentizl harmonic for nonsymmetric stre_sis. Table 1. 3, pp Z-32,Z-33) 20 harmonics

mere'---'---meat or decrement in circumferential waves fo-_ nonsymmetr'7_c stress a.nalysis, permitted. )

initial circumferential wave number in hucklin_ or vibration analysis.
TnmTfi_--um circumferential wave number in Buckling or vilhration analysis. .

_circumlerential wave number in buckling or vibration analysis. Isee pg 4-Z, 4-3, 4-4)

in circumferential wave number Tfi b_ck_ing or vibration analysis.

num_ ei_envaiues to be calculated for each circumferential wave, N {maximum of Z0 permitted}.

number of circamferential stations for which meridional distributions will be printed and plotted (less than 20},

number of meridional 'stations Io_hicb circumferential distributions will be printed and plotted (less than 20).

number of point_ in the outp_f'for circumferential distributions (less than 100} (NTHETA*NCIRC*9 less than4500

merldional stations for circumferential distributions: e. g . 001010 means segment 1, mesh point 10.

clrcurc_ferentiaL stations in degrees for which meridional distributions will be printed and plotted

(g. TH ETAM).
circus, dist. printed and plotted for 0 _ 8 • TH ETAM (deg). Loads expanded In Fourier series in interval

- THETAM _ Q g THETAM. Meaningful only il INDIC = 3 or 4.

meridionaL prestress at 8 -= THETAS used in stability analysis with option INDIC = 4, LPRE = I.

0.0 = prehuckHng rotations include'CTTn stabihty analysis; h 0 = not included.

constraint condition matrix; see Table [. t for example; also see'-S_ction 1.4, and immediately below,

radial component of distance from constrained point to reference surface at "minus" aide of point (see Fig, 19}.

axial component of distance from constrained point to reference surface at "minus" side of point (see Fig. 19).

DI and DZ, as seen in Fig. Lg, are also the radial and axial components of discontinuity between two shell sags.

(See Section t. 4, also page 4-4}

Examples of constraint condition cards follow:

_t(f_(l._).,l.,).,i(i).,_(i) O0_OOl?OllO0_0 i l TI,, ,i_ bound.... d.... d
_0 +0 ] compat, card

) ) )l g i

_0 +0[ branch compat .... d

- DZDefinitions Se [_L Ipt Se _ P__ ....... _____ D_..I .... _ DZ _

Identifi< ati___on_s .... .._1 sea t i on J.L_a h_,_._c_,_ _ .__Ld ___iliad ialfti st.

Transl_tion of constraint #3: Seg, 1. point 9S is connected to Sag. 3, point 1. All variables are compatible,

constraint condition matri× for bifurcation buckling and vibration, If different from IFIX. J = 3, 6 corresponds

to_-T_o_-r_tf_t'_'_'s ]n--t'Mfmns L8, 24, 30, and 36 above. However, onthis card these values are punched in

columns 6, It, 18, and _4, respectively. Used only it IBOUND t 0.

constraint condition f_event!on of a-xisymmetric rigid body modes (N : 0). First 12 columns must be the
s-'_'_-_-_;'_ff_ o_-constraln-/ co_'itions defined by IFIX. Used only if I.RIGID _ 0. (See Section I. 4)

constraint f ondition for _revention of rigid bod)_ modes associated with one circumferential wave IN = 1).
"f_-'_'d u_-_m"mn-s'-must be the same as o_t_qe constraint conditions defined by IFIX. Use only If [RIGID # 0.

(See. 1.41

_._ cur s_rface +.faction m_HtLplier. Actual pre,su_e p(s) = P*I{o), In which fts) is read in later for

e'e_ ss_'t'aab'Te-e'_T_t_e_-d'rt_ress_re and Surface Tractions on Shelf S_,gment, ISEG')). This qumntity
ie associated with "fixed" loads. See Sac. f. 5, Tbfs [. 2, I. 3 for further explanation, examples, sign convention•

pressure or s_rface traction increment multiplier. Actual increment = alp[s} = DP#f(s). With INDIC = 0 or -2
the first load tr--eat'e_-,_7_-s_con'_;-_+"_)t_)*f(s), and _o on, up to FDLAX_I(s), where FMAX is de-

fined below. With INDIC = -L or I , DP is a_q sigenvabae parameter. See test case_ ] and 2, See. I. 5, Tble I. Z, I. 3

temperature rise muir. See explanation for P above.

.__9_erature r(se'mcreme_ multiplier: See explar_ation for DP above.

_oa_.__d_e e.._,__alueof load multiplier. May represent pressure, temperature or discrete ring thermal or r_,echani-

-[7 ,_;_-i-a-m-pL_ case _. Effective only Lf INDIC = 0, =2.

maximum valse of load multiplier. Effective only if /2qDIC = 0 or -2,

load incremen_'-rn'_'_['_'r.-'-_'fe-'C-orrect signs for )% DP, TEMP, DTEMP, FSTANT, FMAX, DF, not absolute

v_a u-es-_-'_-_v'-e_NDlC = O, -2. See Section l. 5.

number of w-mesh points in L_EGth segment, not including fictitious points |max, 98/segment, total = 450).

I, Z variable mesh spacT_ng; 3 _ constant mesh _cin_g.

with INDIC = _r'_D_r_'_--_-pt_-on--sT': me-_d_o-na-_ distributions vrin_ed out for every I_4TVALth mesh (,sine.

number of values of mesh spacing (distance between adjacent w-points) which will be read in. (Max. = 50)

mesh point ca o_s for which spacing ia to be given, Spactn£ wilt vary linearly beeween these cailouts,

mesh point spacing-at callout points. HVALU(I) = meridional arc length between W(I_IVALU(I)} and (See Fig,
W(I]qVALUU) + l). S_-ee"_g-_]_' O_1,/ relative sizes of spacing required, not absolute values. 32}
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SHELL GEOMETRY INPUT PARAMETERS FOR SHELL SEGMENT 3 ISEG

15 • Read NSHAPE_ NTYPEZ, IMP

If NSHAFE : 1

If NSHAPE = 2

If NSHAPE = 3

• Read El, ZI, R2, Z2

• Read RI, ZI, R2, Z2, RC, ZC
• Read SROT

• Read ARCLTH

• Read NGVAL

• Read (IGVAL(I), I = i, NGVAL )

• Read (RXN(1), I : l, _GVAL )
• Read (RDIN(I), I = i, NGVAL )

• Read (C_Z_(1),Z = l, NOVAL )
• bead (C2XN(1),I _ i, _GVAL )
• Read (CIDIN(1), I = i, NGVAL )

If NSHAPE = 4 •

If NSHAPE : 5

Read NST

If NST = i •Read NRZIN

• Read (Z(I), R(I), I : i, NRZIN )

If NST = 2 •Read NRZIN

• Read RSTART, A, B, PHIS, PHIE

• Read CM, CN

If NST = 3 • Read NRZIN

• Read ALPHA, ROT

• Read (DZ(1), R(1), I = l, _ZIN )

If NST = 4 • Read ZMAX, XMAX, ZA, ZB, ZNUMB, ALPHAT

Dummy geometry subroutine, no cards read.

If IMP / 0 • Read ITYPE

If ITYPE = i • Read FM, C, FLMIN, FLMAX

If ITYPE = 2 • Read WO, WLNGTH

If ITYPE = 3 • Dummy position, no cards read.

If NTYPEZ = i • Read

@ Call

• Read

If NTYPEZ = 2 • Read

If NTYPEZ : 3 • Read

NZVALU

STA(NZVALU) (See Page B-26 for input data read in from STA )

(ZVAL(1), I = l, NZVALU )

ZSURFI, ZSURF2, ZSURF3_ ZSURF4, ZSURF5

ZVAL

Geometry parameters have now been read in for current shell segment,

ISEG - go to 25
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SHELL GEOMETRY INPUT PARAMETERS FOR SHELL SEGMENT, ISEG

NSHAPE ....

NTYP_Z . . .

IMP ......

n[ ........

zi ........

R2 ........

ZZ ........

Re ........

zc ........

SROT ......

ARCI/Flt • . •

NGVAL ....

IGVAL .....

R IN ......

RDIN ......

CIIN ......

CZIN ......

(;/DIN ......

NS T . .....

NRZIN .....

Z¢I) ......

Rill ......

RSTART . • .

A ......

Pills ......

f,llrF, ......
CM ......

C N ......

ALPIIA ....

ROT ......

DZ(1) ......

R{I} ......

ZMAX .....

XMAX .....

ZA

ZB .....

ZNUMB ....

AI,DIIAT . . ,

[TYPE .....

FM .....

C ......

FHMIN .....

FI,MAX ....

W0 ......

W [,NG TI l . .

NZVA I.U . .

l = cone or cylinder; 2 = spherl{ al or o_ival or toroidal, se[_ment; 3 : [_,eneral shape; q =._ enera[, si_n_ .i.
I -- reference sllrfa_ e tS variabb- distance fl-ol-n _i/)ner" surfac_; 2--= r_.ference sl_rface Is V;lrlable. Ilt_tarlcl.

from "inner" surface, witl{ variation _iven by a certain function (see below}; _l = reference surT;/ce a _ on_l,_n!

distance from "inner" surface. See gection I. 2 foe definition of "inner" surface, exampl_-_7-. "_,]7

0 = no imperfection; I = yes imperfo, ¢:on. _Use 1 with care, not checked out. }

radius from axis of revolution to beginning of reference surface {radius of parallel circle of shell} {o,,e he.low).

axial distar_ce fr'om some datum to bel_,inning of reference surface {see below}.

rad].s from axis of revohltion to end of reference surface {see below}.

axial distance fr'om dablm to end of reference surface {see below}.

radius from axis of revolution to center of meridiona[ curvat_tre for spherical and ogival and loroidal shells

(see below).

axial distance from datum to center of meridional curvature for spherical, ogival, toroidal shell_ (see hel,_..,,).

+ 1.0 if direction from (at, ZI} to (RZ, ZZ} represents clockwise motion about (RC, ZCI; -|. 0 otherwise.

of segment.

values for which r, r /, I/RI, I/R?_ and (l/R/} t will he read in as input data (l_naxir_un_ = %01.

mesh point callo'uts for which r, r *, I/R i, I/'R Z, and fillet) _ will be read in.

Val_,es of parallel "<Tir(le radius, r, at callonts IGVAL,

values of derivative of r with respect to arc length s {r t} at the fallout points IGVAL.

meridional curvature 1/_ at the callo,_t points IGVAI..

normal circumferential curvature I/R z at ti_e fallout points.

derivative of meridional curvat_re-_"'_'_th respect to arc length s (I/_.RI} tat the fallout points IGVAI..

1 = _eneral shell shape for which cartesian coordinates of reference surface will be given; 2 = shell with Ioc at

weld "sinkage"; 3 = spherical shell with imperfection at apex; 4 = toroidal segment with eilipilc cross-

section. See Figure ]3 ant] below for ilh,str.'{tions of these types of shell sell, eats.

number of {R, Z) pairs or (R, DZI pair_ to he read in if NST = 1 or 3; otherwise number of points for sFline

fit (max = too). Z

axial coordinates of reference surface curve. See Figure

radial coordinates of reference surfat:e curve. See Figure

See Figtlre ]]d.

See Figure 33d, Z Z

See Figure 33d _

See Figure 33d. R2,Z2 .RC,ZC

See Figure 33d. A R_I'Z2

See Figure 33d. / RI,T, /Ab_Rl, z!
See Figure 33d.

See Figure 33d, -_R _-R

See Figure 33d.

See Figure 33d.

nil)

axial dimension of ellipse {see Fig. 33e).

radial dimension of ellipse (see Fig. 33e}.

eoordinateof _ of segment (see Fig. 33e}

axial coordinate of end of segment {see Fig. 33e).

number of points foT-_-pline fit. Maximum value = I00, but reconmend use of no more than 50-75.

distance from axis of revolution to point of intersection of major and minor axes. (S,,- above fi_ltre).

l = sinusoidal imperfections with random amplitudes and wavelengths; 2 = simlsoidal imperfections: _ : ch_mr_,_.

number of wavelengths to be included in representation of imperfection.

maximnm amplitude of imperfection.

mirumum half-wavelength to be included in representation of imperfection.

max_m,m_ half-wavelength to be included in representation of imperfection.

of sinusoidaf imperfection.

ength of sinusoidal imperfection.

number of stations for which the distance from shell "inner" surface to reference surface will b,, spu_ifiod

(Fig 34. Section 1. Z}.

ZVAI,{I) . . distances from shell "inner" surface to reference surface, i_eastlred normal to the referencv s_rfa_ ,, (sve

_Section 1.2}.

ZSURFI, ZSURI-'Z, ZSURF3, ZSURF4, ZSURF5 .,. coefficient _, in function F : Z[ + Zt::s Z3 + Z4:::s Z_ : ZVAL

P, VAI ..... distance from shell "inner" surface to reference surface, measured nori_nl to reference sltrfa¢ t. and t)osittvv

if reference surface lies "o_ttside" of inner surface, that is "to the right" of the immr surface as s in{ r(.as,.s.

See Fi_ttlre 34, disc,lssion and examples in Section I. 2.
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DISCRETE RING INPUT PARAMETERS FOR SHELL SEGMENT, ISEG

25 • Read NRINGS

If NRINGS : O, go to i00

• Read NTYPE

If NTYPE = 1 • Read (IPOINT(I), I = l, NRINOS )

If NTYPE : 2 • Read (Z(I), I = i, NRINGS )

If NTYPE = 3 • Read (R(I), I = 1, NRINGS )

If NTYPE = h • Read (S(I), I = i, _INGS )

If NTYPE = 5 • Read (THETA(I), I = i, NRINGS )

• Read (NTYPER(I), I = i, NRII_GS )

Do 50 I = i, NRINGS

If NTYPER(1) = 0 no data read for current value of do-loop index I

If NTYPER(1) = i • Read E, A, IY, IX, IXY, El, E2, GJ, RM

If NTYPER(1) : 2 oRead E_ A, IS, IN, ISN, ZC, SC, GJ, RM

If NTYPER(1) : 3 Do not use this option

If NTYPER(1) = 4 • Read L(1), T(1), L(2), T(2), L(3), T(3),

• Read E, U, X]P, Y(1), Y(2), Y(3]

• Read RM

(See Fig. 37)

(See Fig. 37)

If NTYPER(1) : 5 eSame input as for NTYPER(1) h, except X,Y axes (Fig. 37)

considered to be normal, tangential, respectively, to shell

tel'. surl'ace at final attaem_nt point.

50 End of do-loop on I

Ring parameters have now been read in for discrete rings associated with

current shell segment, ISEG. Go to lO0

_- /v I1' Increa|lng Arc L'ength

Surface _ [/_Ring Cantrold
Shell "inner".. _ -4J_z-_x

Surface ____ i: 2

Attachment _ [ ' I

POint _$h'ell "Outer;

Surfuce
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DISCRETE RING INPUT PARAMETERS FOR SHELL SEGMENT, ISEG

NR INGS . . .

NTYPE ...

IPOINT . . .
Z .. •

S . ..

THETA ,..

NTYPER..

U ..o..

A .....

_Y .....

IXY .....
E1 .....

E2 .....

GJ .....
RM .....

ZC .....

SC ...°.

number of discrete rin_s. If a discrete ring is located at the juncture between
two segments, it is considered to be attached to the segment with the lowest
identifying number. If line loads are applied at some station, the user must
assume that a discrete ring is located there, even if no ring is present in the
actual structure at that point. Maximum of 20 rings in one segment. Maximum
of 50 rings in entire shell structure.

1 = mesh point numbers of discrete ring attachment points to be read in (one
attachment point for each ring}; 2 = axial distances measured from segment
start to ring attachment points to'be read in; 3 = distances from axis of revo-

lution to ring attachment points to be read in; 4 = 'arc lengths from beginning

of segment ISEG to ring attachment points to be read in; 5 = an$ies between
axis of revolution and normals to shell reference surface at ring attachment
points to be read in. Note that attachment points are considered to be on the
shell reference surface.

mesh point numbers of attachment points of discrete rings.
ax'ial distances measured from segment start to ring attachment points.
radial distances measured from axis of revolution to ring attachment points.
arc lengths measured from beginning of segment ISEG to ring attachment points.

angles between axis of revolution to ring attachment points, normal to reference
_e.

0 = no rin_s at this station, no cards read (used if line loads present without
discrete ring being present}.

l = principal axes of ring located in x-y directions (x=radial, y=axial}.
2 = princi[_al axes of ring located in s-n directions (s = tangential, n=normal
(see Fig. 21).
3 = do not use this option.

4 = dimensions of rin_parts read in. See Fig. 37. X,Y axes normal and
tangential, respectively, to shell axis of revolution.
5 = dimensions of rin_parts read in. See Fig. 37. X,Y axes normal and
tangential, respectively, to shell reference surface at attachment point.

discrete ring Poisson ratio.
discrete ring elastic modulus.
discrete ring cross-sec'_'6_-o-n area.

moment of inertia about y-ax_s"_axis in axial direction through ring centroid).
moment of inertia about x-axis (axis in radial direction through ring centroid).

product of inertia relativeto the x-y axis system.
radial component of distance from ring attachment point to ring centroid
F_-_--21).
axial component of distance from ring attachment point to ring centroid.
ri_hear modulus_ torsion constant :I.

ring material mas's density.

moment of inertia about s-axis (axis parallel to reference surface through
ring centroid).
moment of inertia about n-axis (axis normal to reference surface through
ring centroid).

product of inertia in s-n system.
distance from ring centroid to tangent of reference surface at ring attach-
men--t, positive as shown in Fig. 21.
distance from ring centroid to normal to reference surface at ring attach-
_t, positive as shown in Fig. 21.
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MECHANICAL LINE LOADS ON SHELL SEGMENT, ISEG

I00 If (INDIC = 4 and IPRE = O) go to 2000

• Read LINTYP

If LINTYP : 0 or LINTYP = 2, or NRINGS = O, no mechanical line loads. Go to 300.

If (INDIC = 3 or INDIC =

• Read NLOAD(1), NLOAD(2),

If (_o_(i) = i) • Read
If (_OAD(2) = l) • Read
If (NLOAD(3) = l) • Read

If (NLOAD(4) = l) • Read

If (INDIC - 3 or INDIC :

• Read NLOAD(1), NLOAD(2),

If (_OAD(:) : i) • Read
If (_OAD(2) : :) • _ead
If (_mOAD(3): i) • Read

4) • Read NTYPEL

_LOAD(3),_LOAD@)

(v(i), I : l, MINAS)
(S(I), I = 1, NRING8)
(H(I), : = l, NRINGS)

(M(I),I = i, :_:Nos)

_) Go to io5

NLOAD(3), NLOAD (h)

(Dr(:).: = i, :_:N_S)
(DS(I), I = i, MINOS)
(m:(:).: = :. :_I._s)

If (NLOAD(4) = l) • Read (DM(I), I : i, NRINGS)

Axis_n_metric mechanical line loads have now been read in for segment ISEG.

Go to 300.

±o5 If (NTYPEL - 4) Go to 120

Read (PLINI(L, ISEG), L = i, number of harmonics)

Read (PLIN2(L_ ISEG), L = i, number of harmonics)

Nons_r_etric mechanical line loads have now been read in for segment ISgG.

Go to 300.

33.>

35o

Continue

If (NLOAD(1) = 0 and NLOAD(3) = O and NLOAD(A) = O) Go to 330

• Read NX_ I_Of_, NODD
• Read (XPLUS(J), J : i, NX )

: m _OPT :•Reaa (YPLUS(J),J Z,NX )
• Read (_:_US(_), J : i, _ )

: Ir NOFT = 2 • Re::d (YPLUS(J), J - i, IP£ )

: If NOPI_ = 3 • C_ll GETY(NX_ XMINUS, XPLUS, YMINUS, YPLUS) ,PLu

Continue vut.uslt___s14_

• Read NX, NOPT_ NODD XPLU$(I)/f/ i_ 7
• Re_d (XPLUS(J), J = 1, _X )

If NO_ = 1 • Re_d (_LUS(J), J = l, _)
• Rea_ ('m:_S(J), J : :, _)

: If NOPT : 2 • Read (YPLUS(J), J : l, hD{)

: Ii NOPT : 3 • Call GETY(NX, XMINUS, XPLUS_ YMINU8_ YPLUS)

Continue

All data for mechanical line loads in current se_g:]ent ISEG have been read in.

Go to 300.
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MECHANICAL LIllE LOADS ON SHELL SEGMFNT, LSEG

INDIC . . analy|ls type. INDIC = 3 corresponds to linear symmetric and nonsymmetrl¢ stre_s .snal_ ,hs.

INDIC = 4 corresponds to linear but Piing with nonsymrnelric pr._lrvss anal',-,s.

IPRE . . [ _ preBlress calculated xn program; 0 = prestr<'ss read in frovn data cards. II}lt E only aptdi, • ,', U';I)IC : 4.

LINTYP . 0 = no line loads o[ any type. either thermal or mechanical, for thi_ Bht, II _egmt:nt.

I = mechanical line loads only. No thvrmai line loads, |or thin shell _egment.

g = thermal line loads oniy, no mechanical lint. loads, for thia shell _egment.

"]-'='-_-_--t_echanical and t_ermaI [tnt_ loads present for thi_ shell _*'grn_'nt.

N_tlNGS . number of discrete ring8 in this t_egment, incl_Jding "lictitions" dis_ ret_! rings rt.¢!_ltrt.d '. ,r Ih,J,*e stations

where line lo_ds are applied but no rings actually exist.

NTYPEL. 3 = Fourier amplitudes for circumferential distribution ot lint. [osds read in, lnt DuHL,_. _i_'_nlllletrit har-

monic. These ha_-monic load amplitudes correspond to the _let tltnfv_ ential wavo ll,lr_d_ rs ?_SI'ART to NFIN in

increments of INCR, where NSTART = starting harmonic, NI'IN *':_ding h;_rn,_ml, . ,m,t INCtt = in: rem,nt

Or decrement in tht. clrcl_mferential warp nnmb,.r b,,twet'n har1_..onics.

4 = line load amplitudes at various circumferential stations eitht, r read in dire¢_l, Or _ _)mp_ted by nser-

written subroutino, then developed into Fo_ st'r_ts int/'rnally for _ ir_ umf_._,,ntl;d .avPs NSTABT to

NFIN in _tep_ of INCR.

IMPORTANT NOTI_:: In each shell se_mt.nt thr, lin,' loads m_lst bt ,'xprt'ssibie n_ a l_r_d_l_ t f(I)::g{_3), in

which I repre_ent_ the Ith dis,. r(.te ring. The scrips _ an diH,.r from st, grnent to s(.¢-

ment, b_lt must involve H,_, sal_,, circ,.Hnferential way,, n_ln,hers, NS]ART to NNIN in

be identical in a givvn _ _trl_ at. 'Fill" t ourivi series H_r S !_}lt,,qr [ll,_d) rl_a_ b_ dills-rent

{eee definitions _or PI,INI, I'l_.N_, b,do,_'), Go*, S*., *i_m I. :_.

NLOAD([} . l ¢ axial line loado VII ) present in this s_,gtnvnt; 0 ¢1_ ,t×ii_l ira*' loads [_1 _}_i_ _<_fll_ tl_,

NLOAD(2) , r-_e_r--l_H-_]Te loads S(I) present in this segm,:nt; t_--7_]T,_7 lo;t,!s in this _vgnacnt.

NLOAD(3} , 1 _ratI_aI llnT load_ tI([) present in this s('_mt.nt;_c-'-}_Tv_e N_:*d_ in this segm_tl.

NLOAD(4) , 1 = line momenta 'M{I) present in this _egmel_t; () _n_Tr_t_ in thi_ s,_U_l,'nt

V(I) .... axial "fixed" or initial line load factor asso_ia_.d _ tth Itl_ +llst rt,tt, ring, (£,,+. Tattles t. Z 1. _,

S([} .... shear WfixeW' or [nit_'al line load fa_ tor a_sot iated ,,v_t!_ [_i_ dis, rut* rio L, ._i,', ti.r, I, S Io_ sign

It{l) .... radial "fixed" or initial line load factor ;t,'-;so( i;_t_.d ,_th [Ih dis( l_tt" r_n R. (onvcntion, examples,

Mll} .... rrri'x'_'_'_r m-_i'_oment factor assol:intcd witi! [tb dis, r_tl rtng. further explanation. )

DV(I) , , . axial "variable" line load or IinP load lnc:rvl_x_,nt _s_i)( i;_tcel x_itll Ith dis_ ret_.! l'llig.

DS{I) , . , shear "variable" line load or iin,, l_;_d _ncren_ent as_o_ i;_tPd wzth Ilh dis( _et_" ring. (Do not use in BOSOR4. }

DI|(I) . , , to*dial "variable" line load or linl, load im r_'ment asst_ i,_ted with [tb dis<r_te ling.

DM{I) , . _ "variable" line moment or linv nlonl_nt Intrement a_sc_cialeli 'vtth Ith cliscretl, ring,

IMPORTANT NOTES: 1, If INDIC a 3 or INDIC = 4, ,_ctu ,I lin,. loads arv Livvn by Vll)gG[(_),

S{[):(}_(_), II{B:f;I(E), M{I}: ('_ ("q, in whi_!_ (; (0) and (}?_(@) are defiP.cd below.

Z. IAn,' I¢';;,ds -r, p,,_il 'e ts , tt,_,,, m F'ia,_r, '1 Tnblo 1.3 S.ction I %

3. tan, [o;tds art ,'_;urn,'d t_!,, the pro_ra,n to art at ¢ _l_troids of discrele rings.

4. Wtt!t N : 0 or ?-I : _1 ¢ii'¢un_lt. rential waves the" itSel rrltlSt make fl_lre vither

that the Ioad_ applit d are in static equilibrium or that the _ m_straint condi-

tions pr,,v,,nt rigid I._dy d_formations, Us_:r m'*'d not provide tap,it for l,ne

loads (,_r,-,,N,,*_d,ng to reactions ,a tsi,.h do no work (luril_g d_,fol marion.

5. "fixed" means a problen/ parameter that dovs not chang,* dtlrin_ ,.xe_ution ol

a (as_. "v;irlgdd_," m,.al_s an t'iKcl_v;llL_e parnmoter. If INI)I(. = ,l nil loads arv

t onsid,.r,.d _,ig_ n'.id_,,, pararnPtt'rs, See Tall, I 2, Sel tion I S,

PLINIIL, LqI_T(;) . . _ ir_ dmforential harmoIfi, ;tTIIp_il_l_t ta¢ to_ s .or ;_ial, radial Iin_ loads and tine moments. {Sve Nee. I. _,

PLINZ(L, LSEG) . . cir<umlerentinl harmonic an,ptH,td_, f,ctors Lol _,_t"7_7_ ._7 - ................. '_able I. 2, pg4-7)

IMPOR'IANF NOTES: I, Ma×imnm tmtlfl_er ot _irtnmfvll'nt/;_l harmonics is 20.

to NIrN in _teps <,l rNc:v, S_c Svclion 1.5.

3. The vrt!i_>_s li1_,, lo,td_ at t!,o _th lli_cI,,to ring anH at a _iicut_ff,'r,ntigd sZ:,tl ,:.

hart the lol'll_S _i\'*'_l 12y:

N = N£1N

I, : no. o1" harmonlt s

" , PLIN_(I,, ISEG),_s(N_) * Pl,l%r2(l., ISEG)::sm(Ni!) Pl)

Line load :, f }Ill){ PLINI(L, ISU(;) si,,(N¢_} * PLlNl{I., ISEG)'_¢os(N_,)

t M(I)! PLINI(I., _ST(I) sin(N_?} _ PIANI(L, gsEc;J':cos(NS)

N = NNTA _{'I'

AN = INCR

1, _ 1 posdlive N negative N

NX .... n_lmber ot :ircumferentinl poi_)ts lot data inpui in rn_v 0 -; NPLUS(,_) _. TItET#Nf, where XPI,US&I} is the .Ill;

c-'TT_-_entifil polar and TIIET_M is the bo<tnd cn t}_ ra,ng, of g. .1 _or, s from I to NX, {NX m,:sl b," !_ss

than 100, greater than 2).

NOPT . . , I : Y PI,US{I) and YMINUS(J) are going to bt r,.aM in; g : YI'I,USIJ) only is going to be rend in; 3 YPI,US(3}

3_TF-g'_fI'NUSLI) are calcuI_,_'ed from user-writtvn stH,r_t'_-ne--"_--XMIN[JS, XPLUS, "FMIN_,Y_;'_'._._pg_,_9)

NODI) . , I :: t,mction _!n in range -THt.:TAM "; _) _ + TIll:TAM: 2 : fnmtion ,I(_) is odd; 3 : fimctiut_ _(_)

_¢ither even nor odd _-rang*, of r_. -- .........

Not_': Theta-rangv corresponds to range XMINUS(NX) to XPLUSINX) 'or -'IHE_IAM s _ _ ¢ Till' JAM. Fhis

"r_-_g'P reed not be from - pi to + pi, hqt it. mt,'rval it cov,_rs mt_st be an inte_Pr ira." tio:. _f th* int_,rval - pi to

pi.

v;d,_es of cir_ umfervntial ¢ oordinate in d,,gi ,,,.>. N,,d not be evenly spac,,d and n('cd not t o_,r lht _.lltipe _i-

rang,, 0 to_. flange must he at_ [nteg'er--_r,_ct-i_L of pi and XPLOS(NX) musl eq,ud 'I'tlFTFhM, Plso, xMIr_'IrS(dl
at*, g,-B, rat,ed internally and are equal to th,- n,.g:LtiVes of XPLIIS[3). r_,spvctiv,'ly. XPI,US{I) : O,

v;,l,_es of _corrv_pondin R to circuI'nfet t, ntial (oordinates XI_LUS(J}.

_b_i_g_2_) _orre_poneling to cirt umfer,,ntial t oordmatt, s XMINUS{.]), Nott. again that XMINUS(._)

-N'_-iP,,,75'-fJl i--

NoI_ The I" o_trtvr ('nei[i_ i,his I'l,IN](i I_iI[ t nd PI,INZ(L, ISEC;) in Eq. (BI) a_v _ al(_llatod

..... hy ft_.q_R4 "ith ,_," of _ _' o}p,l_ d,3_ NX, N(_P']'. .... YMINIJSflL

X PLUS,{,] )

Y t'L, US(J)

yMINU%LD
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THERMAL LINE LOADS ON SHELL SEGMENT, ISEG

3OO If LINTY? = O or LINTYP = i or NRINGS = % no thermal line loads.

Go to 500.

If (INDIC = 3 or INDIC = 4) • Read NTYPEL

Read _OAO(1), _OAD(2), _O_(3)

If (NLOAD(1) : i) • Read (The(1), I = i, NRiNGZ)

If (NLOAD(2) = i) • Read (TMX(I), I = I, fgRINGS)

If (NLOAD(3) I) • Read (TMRY',I), I i_ ITRINGS)

If (INDIC = 3 or INDIC = 4) go to 305

Read NLOAD(i), NLOAD(2), NLOAD(3)

If (NLOAD(i) = i) • Read (DTNR(1), I = i, NRINGS)

If (NLOAD(2) = i)• Read (DTMX(I), I = i, NRING$)

If (NLOAD(3) i) • Read (DTMRY(I)_ I i, NRINGZ)

Axisymmetric thermal line loads have now been read in for segment ISEG.

Go to 500.

3o5 If (_TY?EL : 4) go to 32O

Read (TLIN(L_ ISEG)_ L = i_ ntmLber of harmonics)

Nonsymmetrie thermal line loads have now been read in for segment ISEG.

Go to 500.

32(}

35o

Continue

If (NLOAD(1) : 0 and NLOAD(2) : 0 and NLOAD(3) : .Hw,,,,_

o) go to 350 v__

• Read NX, NOPT, NODD

• Read (XPLUS(J), J : i; NX ) ,_,_I._

:_ _0_ = 1 • Read (_Lus(J), J = l, _ )
• Read (_a_s(J), J --i, _ )

If N01_2 = 2 • Read ( YPLUS(J); J = i, NX )

If NOPT = 3 • Call GETY(NXj XMINUS, XPLUSj YMINUS_ YPLUS) -- '

Continue

All data for thermal line loads in current segment ISEG have now been

read in. Go to 500.
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LINTYP. , .

NRINGS . • •

NTYPEL . .

NLOAD(1)..

NLOAD{2)..

N LOAD{3)..

TNR{I) • • .

TMX(1) • • .

TMRY(1) . .

DTNR(I] . .

DTMX{I) . .

DTMRY (I)..

T LIN(L, mEG).

_X ....

NOPT ,,,

NODD .

XPLUS{J} .

YPLUS{3)

Y MINUS{J) .

THERMAL LINE LOADS ONSIIELLSKt3MKNT. I,_i¢,

0 = no line loads of any type, either thermal or mechanical, for this _h,ql s_ gmt'nc

1 = mechanical line loads only,

Z = thermal line IoacIs only.

3 = mechanical and thermal line loads.

number of discrete rings in this segment, including "fictitious" rings required for those stations where

thermal line loads are applied but no actual rings exist.

3 = Fourier amplitudes for circumferential distribution of thermal line loads read in, includixtg axisyn_tne-

tric harmonic. Th_.'ke harmonic load amplitudes correspond to the circumferential wave numbers NSTART

to NFIN in increments of INCfl, where NSTART = starting harmonic, NFIN : ending harmonic, and INCR =

increment or decrement in the circumferential wave nul_aber between harmoni_s.

4 = thermal line load amplitudes at various circumferential stations either read in directly or computed

by user-written subroutine, then developed into Fourier series internally for circumf,:rential waves

NSTART to NFIN in steps of INCR.

IMPORTANT NOTE: In each shell segment the thermal line loads must be expressible as a product

f(I)_'g(0), in which I represents the Ith discrete ring. The series can differ Iron

segment to segment, but must involve the same circumferential wave numbers,

NSTART to NFIN in steps of INCR, for all segments, The Fourier series for

thermal line loads TNR, TMX, and TMRY must be identical in a given segment. (See

Sec, I. Sl

1 = thermal hoop loads TNR{I} present in this segment; 0 = no thermal hoo_ loads present in this segment.

l thermal moments about x-axis TMX{I) present in this segment; 0 = no thermal moments TMX(I} in this

segment.

i = thermal moments about _'-axis TMRY(D present in this segment; 0 = no thermal moments TMRY(I)

in this segment.

"fixed" or initial thermal line hoop load in Ith ring, given by: NT = - {rE r erTdA)_:,TEMP

"fixed" or initial thermal moment about x-axis {Fig. Zi), Ith ring: MTx = " (f Er _rTydA)*TEMP

"fixed" or initial thermal moment abntxt y-axis {Fig. 21), Ith ring: M I = - (J'E r _r TxdA)_: T EMP

NOTE: TEMP is a multiplier provided as input on one of the earlier cards {see page B-3).

"variable" thermal line hoop load or increment. Given by same expression as TNR, except multiplier

is DTEMP,

"variable" thermal moment about x-axis. Given by same expression as TMX, except multiplier is DTEMP.

"variable" thermal moment about y-axis. Given by same expression as TMRY, except multlpiier is DTEMP.

IMPORTANT NOTES: 1. If [NDIC = 3 or INDIC = 4, actual thermal line loads are given by

TNR(I)OGI{0), TMX{I)*GI(0 ), and TMRY(I}_GI(8 ), in which GI(0 ) is given
belo_¢.

2. "fixed" means a problem parameter that does not change during execution

of a case. "variable" means an etgenvalue parameter. If INDIC = 4 all

loads are considered eigenvalue parameters. See Table 1.2, Section I, 5.

• circumferential harmonic amplitude factors for TNR{I}, TMX(I), TMRY(I). (See. 1. S, Table i. 2, pg 4-7}

[MPORTANT NOTES: 1. Maximum number of circumferential harmonics is 20.

Z. Circumferential wave numbers associated with these amplitudes are

NSTART to NFIN in steps of INCR. See Section 1, 5.

3. The various thermal line loads at the Ith discrete ring and at a circum-

ferential station 0have the forms given by:

N = NFIN

L = no. harmonics

{ TNR([) ] E T LIN(L, LSEG)*sln(N0)+ TLIN{L, ISEG), .... (NO)
Thermal line load = TMX(1) }* TLIN(L, ISEG)_'sin(N0) + TLIN(L, ISEG)0cos(NS) {B2)

TMRY{I)I TLIN(L, ISEG)_'sin{NO) + TLIN{L, ISEO)acos(NS)

N = NSTART _osltiveN negative N

= INCR

L=I

(If INDIC =

3 or 4,

TEMP : I)

number of circumferential points for data input in range 0 _ XPLUS(J) _ THETAM, where XPLUS(J) is

the Jt-h circumferential point and THETAM is the bound on the range of 8. J goes from 1 to NX. (NX

must be less than 100, greater than 2).

I = YPLUSfJ) and YMINUS(2) are going to be read in; 2 = YPLUSIJ) only is going to be read in; 3 = YPLUS{J)

and YMINLIS(J) are calculated from user-written subroutine GETYINX XMINUS, XPLUS. YMINUS, YPLUS).(pg

1 = function g(0) is even in range - THETAM g 0 s + THETAM; Z = function g{8) is odd' 3 = function g(O) 6-9)

neither even nor odd in range of 0.

Note: Theta-range corresponds to range XMINUS(NX) to XPLUS(NX) or -THETAM a O a÷ THETAM. This

range need not be from -pi to +pi, but the interval it covers must be an integer fraction of the interval

- pi to + pi.

values of circumferential coordinate in degrees. Need not be evenly spaced and need not cover the entire

0-range 0 topi, Range must be an integer fraction of pi and XPLUS(NX) must equal THETAM. Also,

XMINUS(J} are generated internally and are equal to the negatives of XPLUS(J), respectively. XPLUS(I} = 0.

values of _(0} corresponding to circumferential coordinates XPLUS(J).

_ corresponding to circumferential coordinates XMINUSIJ). Note again tlaat XMINUS{J) =

Note: The Fourier coefficients TLIN(L, ISEG)in Eq. (B2) are calculated by B@S_R4 with use

of the input data NX, NI_IPT ..... YMINUS{3).
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PRESSURE AND SURFACE TRACTIONS ON SHELL SEGMENT, ISEG

5oo • Read NLTYPE, NPSTAT, NTSTAT, NTGRAD

If NLTY_E = 0 or NLTYPE = 2, no pressure or surface traction.

If NPSTAT = 0 • Read PII, PI2_ PI3, PI4, PI5

If NPSTAT = 0 • Read P21_ P22, P23, P24, P25

If NPSTAT = 0 , Go to 900

If (INDIC = 3 or INDIC = 4) • Read NTYPEL

• Read LOAD(1), LOAD(2), 0AD(3)

If (NLOAD(1) = i) • Read (PT(1), I = i, NPSTAT)

If ( OAD(2) = l) • Read (PC(1), I --l, NPSTA )
If (NLOAD(3) = 1) • Read (PN(I), I : 1, NPSTAT)

If ( INDIC / 3 and INDIC _ 4) go to 700

If (NTYPEL = 4) go to 520

• Read (PDISTI(L, ISEG), L : 1, number of harmonics)

• Read (PDIST2(L, ISEG), L = l, number of harmonics)

Go to 700

Go to 900.

520

53o

Continue

If (NLOAD(1) : 0 and NLOAD(3) = O) go to 530

• Read NX, NOPT, NODD

• Read (XPLUS(J), J = i, NX )

• If NOPT : 1 • Read (YPLUS(J), J : 1, NX )

• Read (YMINUS(J), J : i, NX )

If NOPT = 2 • Read (YPLUS(J), J : i, NX )

If NOPT : 3 • Call GETY(NX, XMINUS, XPLUS, YMINUS, YPLUS )

Continue

If (NLOAD(2) = 0) go to 700 _,,m,_

@ Read NX_ NOPT_ NODD m,_mI4|/,"/ .|'JT.

• Read (XPLUS(J), J = i, ITX ) _

If NOPT = i •Read (YPLUS(J), J = i, NX )

• Read (YMINUS(J), J : i, NX )

If NOPT : 2 •Read (YPLUS(J), J : i, NX )

If NOPT : 3 • Call GETY(NX, XMINUS, XPLUS, YMINUS, YPLUS)

700 • Call STA(NPSTAT) (See Page B26 for input data read in from STA)

All data for pressure and surface tractions on current segment ISEG have

now been read in. Go to 900.

B-14



PRESSURE AND SURFACE TRACTIONS OF SHELL SEGMENT, ISEG

NLTYPE 0 = no distributed thermal or _ressure or surface traction loads in this segment,

2= pressure and surface tractions only. No temperature rise distribution in this segment.
temperature rime distribution only, No pressure or surface traction on this segment.

3 _ressure and surface traction as well al temperature rise distribution in this segment.

NPSTAT number of mesh points for which pressure and surface traction components will be read in. If INDIC = 3 or 4

and NLTYPE = I or 3, NPSTAT must be larger than 1 and less than 50. NPSTAT : 0 option for use if
INDIC # {] or 4.)

NTSTAT number of mesh points for which temperature rise coefficients TI, TJ, and T3 will be read in. Same discus-
sion applies here as applies to NPSTAT.

NTGRAD type of thermal gradient through shell wall thickness: NTGRAD = I... T = Ti + TJ*z + TI'_z 2 (z is measured

fronl the reference

NTORAD = g ..T = Tl + TJ*z T3 surface positive
to the right of

increasing s}.

NTGRAD = 3 . .T = TI + TJ*exp(z*Ttl

Pll, PlJ, Pl3, pi4, P15 . . . coefficients for f{sJ = Pll + Pl2Os pl3 ÷ pl4*s P15, in which s is the arc length from beginning of

segment. This function represents the normal pressure distribution. Actual pressure = p*i{s I or DP':'f{s).

positive to right of increasing arc Length, s .

P2[, PJZ, PZJ, P24, pz5.. coefficients for f(s) of same form as above, but f{s) in this case refers to the meridional

traction.

NTYPEL • 3 = Fourier amplitudes for circumferential distribution of pressure and surface tractions read in, including

axisymmetrlc harmonic. These harmonic pressure and surface traction amplitudes correspond to the cir-

cumferential wave numbers NSTART to NFIN in increments of hNCR, where NSTART = starting harmonic,

NFIN = ending harmonic, and INCR = increment or decrement in the circumferential wave number between
harmonics.

4 = pressure and surface traction amplitudes at various circumlerentlaI stations either read in directly or

computed by user-written subroutine, then developed into Fourier series internally for circumferential

waves NSTART to NFIN in steps of INCR.

IMPORTANT NOTE: In each shell segment the pressure and surface tractions must be expressible as a

product f{s)Og_8), in which s is the meridional station. The series can differ from. seg-

ment to segment, but mu¢t involve the same circumferential wave numbers, NSTAI_T to

NF[N in steps of INCR, for all segments. The Fourier series for pressure components

PT and PN must be identical in a given segment. The Fourier series for PC may he

different (see definitions for PDLSTI, PDL_TZ). See Section 1. 5.

NLOAD([I • I = meridional surface traction PT{I} present in this segment; 0 = no meridional surface traction in this segment.

NLOAD(2}. [ = circumferential surface traction PC(I) present in this segment; 0 = no circumferentia( surface traction.

NLOAD(3}. [ = normal pressure PN(I) present in this segment; 0 = no normal pressure present in this segment.

PT([I • • • mertdional surface traction at Ith callous point. Positive in direction of increasing arc length, • . {See Sec. I. 5

PC(I) . . . _ntial surface traction at Ith callous point, positive in direction of increasing circ. angle, B . Tables

PN(I} . , . normal pressure, positive outward, at Ith caliout point. Positive to right of increasing s , i. 2, 1. 3)

IMPORTANT NOTES: 1. If INDIC _ 3 or INDIC = 4, actual pressure and surface tractions are given by

PT(I)_GI(8), PC(I)g:G2(O ). and PN(I)'::GI(8), in which Glib ) and G2(O ) are
defined below.

g. With N = 0 or N ±1 circumferential waves the user must make sure either that

the applied loads are in static equilibrium or that the constraint conditions pre-

vent rigid body deformations.

3. If INDIC J ] and INDIC #4, actual components=PaPT, P'PC, and PgPN; also

DP* PT, DP:x PN.

P_ISTI{L, L_EG) . . circumferential harmonic amplitude factors for meridional traction and normal pressure. {Section l. 5,

pDISTg(L, LSEG) . . circumferential harmonic amplitude factors for circumlerentiai traction. Table [. 2, pg 4-7}

IMPORTANT NOTES: l, Maximum nttmber of circumferential harmonics is 20.

2, Circumferential waves associated with these amplitudes are NSTAI_T to

NEIN in steps of INCR. See Section 1. 5.

3. The surface tractions and pressure at the Ith callous point and at a cir_ urn-

ferentiaI station 9 have the forms given by:

NX

NOPT.

NODD

XPLUS(J)

YPLUS{J)

yMINUS(J)

N = NFIN

h =no. harmonics

PT(I} ] _ pDISTI(L, ISEG}':'sin(NB} + PDISTI(L, ISEG)" c using))

Pressure components = { PC(I} _ * L pDLST2(L, ISEGI*cos(NS}* PDLSTZ(L, LSEG)':'sin(NO]
[ DN[I) J PDISTI(L, LSEG)*sin(NS} + PDLSTI(L, ISgG)'Xcos(NB)

N = NSTAR T

hN = INCR positive N negative N

L=I

number of circumferential points for data input in range 0 • XPLUS(3} < THETAM, where XPLUS{J) is the Jth

clrcu_nferentlal point and THE_'AM is the bound on the range of B. J goes from I to NX. {NX must be h. ss than

i00, greater than Z).

I : YPLUS(2} and YMINUS{J} are going to be read in; g = yPLUS{J) only is going to be read in; ] = }'PLUS(J) and

YMINUS{J) are calculated from user-written subroutine GETY(NX, XMINUS, XPLUS, YMINUS, YDLUS). (pg 6-9}

I = function _in range -THETAM g 8 • + TH ETAM; 2 = function _ is odd; 3 = function g(0) neither

even nor odd in r_nge of g.

Note: Theta-range corresponds to range XMINUS(NX) to XPLUS{NX) or -THETAM g 0 g + THETAM. This

rang'--"'_ need not be from -pi to +pi, but the interval it covers must be an integer fraction of the interval -pi to

÷ pi.

values of circumferential coordinate in degrees, Need not be evenly spaced and need not cover the entire B-

range 0 to pi. Range must be an.integer fraction of pi and XPLUSINX) must equal THETAM. Also, XMINUSIJ)

are generated internally and are equal to the negatives of XPLUS(J), respectively. XPLUS(II : 0.

value8 of gig} corresponding to circumferential coordinates XPLUS{J),
values of g{-B) corresponding to circumferential coordinates XMINUS(J). Note again that XMINtJS(J) =

-XPLUS(J).

Note: The Fourier coefficients PDLSTI(L, ISEG}, PD.ISTJ(L, ISEO) in Eq. (B-3) are calculated by B_St_R4

-- with use of the input data NX, N(_PT ..... YMINUS(J),
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TEMPERATURE DISTRIBUTION IN SHELL SEGMENT, ISEG

900 If NLTYPE = 0 oi" hITYPE = i, no thermal distributed loads. Go to 3000.

If NTSTAT = 0 • Read TII_ TI2, TI3_ TI43 TI5

If NTSTAT = 0 • Read T21_ T22, T23; T24, T25

If NTSTAT = 0 • Read T31, T32, T33, T34, T35

If NTSTAT - 0 , go to 3000

If (INDIC = 3 or INDIC = 4) • Read NTYPEL

• Read _OAD(1), _OAD(2), _OAD(3)

= "Read I=
if (_OAD(2) _, •Read (T2(X), I l, _STAT)
If (NLOAD(3) = 1) • Read (T3(I), I : 1, NTSTAT)

If (INDIC / 3 and INDIC / h) go to 970

If (NTYPEL = _) go to 920

• Read (TDIST(L, ISEG), L = l, n_ber of ha_onios)

Go to 970

92O If (NLOAD((1) - 0 and NLOAD(2) = 0 and NLOAD(3) = O) go to 3000

.JT • Read NX, NOPT, NODD .m_,,

• Read (XPT,US(J), J = 1, NX ) ._,../_ k_/_

If No_ = 1 • Read (YPLUS(J), J = L, _X )
• Read (r_NUS(J), J = l, NX )

m' N0_ = 2 • Read (_LUS(J), _ = _, NX )

If NOI_ = 3 • Call GETY(NX, XMINUSj XPLUS, YMINUS, YPLUS )

970 • Call STA(NTSTAT) (See Page B26 for input data read in from STA.)

All data for temperature distribution on current segment ISEG have now been

read in. Go to 3000.

Data for all loads (line and distributed_ mechanical and thermal) have now

been read in for current segment_ ISEG.
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TEMPERATURE DISTRIBUTION IN SHELL SEGMENT, ISEG

NLTYPE • 0 = no distributed thermal or pre|sure or surface traction loads in this segment.

I = no temperature rise distribution tn this segment.

NTSTAT . number of mesh oints for which temperature rise distribution through thickness is given. If INDIC = 3 or 4 and
_Z or 3, NTSTAT must be larger than I snd less than 50, NTSTAT = 0 option for use only if INDIC _ 3
or 4.

TIi, TIZ, TI3, Ti4, TI5 . . coefficients for TIIs ) = Til + TIg*s TI3 + Tl4*s TIS, with s measured from beginning of segment.

Tl{s} appears in the formulas given in the definition of NTGRAD on the previous page, These formulas (func-
tions of thickness coordinate z) give the temperature rise distribution through the shell wall at a given station s.

TZI, T2Z, T23, TZ4, T25 . coefficients for T2Is), which has the same functional form as Tl(s). See definition of NTGRAD
for role of TZ.

T31, T32, T33, T34, T35 . coefficients for T3Is I, which has the same functional form as Tl(s) and T2{s). See definition of
NTGRAD,

Note: The actual temperature dlstributlonis given by TEMP*T or DTEMP*T, where T depends on NTGRAD,

as--_8 yen on previous page.

NTYPEL . 3 = Fourier amplitudes for circumferential distribution of temperature rise coefficients TI, TZ, and T3 to be

read in, including axisymmetric harmonic. These harmonic coefficient amplitudes correspond to the circum-
ferential wave numbers NSTART to NFIN in increments of INCR, where NSTART = starting harmonic, NFIN :

ending harmonic, and INCR = increment or decrement in circumferential wave number between harmonics.

4 = temperature rise coefficients Ti, TZ, T3 read in for various circumferential stations or computed by user-
written subroutine, then developed into Fourier series internally for circumferential waves NSTART to NFIN

in steps of INCR.

IMPORTANT NOTE: In each shell segment the temperature rise coefficients must be expressible as a product

f(s)*g{8), in which s is the meridional station. The series can differ from segment to

segment, but must involve the same circumferential wave numbers, NSTART to NFIN

in steps of INCR, for all segments. The Fourier series for all coefficients TI, T2, and
T3 must be identical in a given segment. See Section I. 5.

NLOAD(I) I = temperature rise coefficient, TI, present in segment; 0 = Tlnot present in this segment.

NLOAD(Z} I = temperature rise coefficient, TZ, present in segment; 0 = TZ not present in this segment.
NLOAD(3) I = temperature rise coefficient, T3, present in segment; 0 = T3 not present in this segment.

Ti(1) . . . temperature rise coefficient at Ith mesh point callout; see formulas for T under def. of NTGRAD, previous page.
TZ(I) . . . temperature rise coefficient at Ith mesh point callout; see formulas for T under def. of NTGRAD. previous page.

T3{I) . . . temperature rise coefficient at Ith mesh point callout; see formulas for T under def. of NTGRAD, previous page.

IMPORTANT NOTES: 1. If INDIC = 3 or INDIC = 4, actual temperature rise coefficients are given by

TI(I)*GI(0), T2(I)*GI(O), and T3(I)*GI(O), in which GI(0 ) is defined below.
Z. If INDIC # 3 and INDIC _ 4, actual temperature rise is given by TEMP_T or

DTEMP*T, where T is a function of TI, TZ, T3, and z, as shown on previous

page (see NTGRAD).

TDLST(L. LSEG) . . circumferential harmonic amplitude factors for temperature rise coefficients T1, T2 and T3.(Sec. 1.5,
pg 4-7)

IMPORTANT NOTES: 1. Maximum number of circumferential harmonica is 20.
Z. Circumferential waves associated with these amplitudes are NSTART to NFIN

in steps of INCR. See Section L 5.
3. The temperature rise coefficients TI, T2, T3 at the Ith mesh point callout and

at some circumferential station e have the form:

NX . . .

NOPT . •

NODD . •

XPLUS(J}

YI=LUS(J)

YMINUS(J)

N = NFIN

L = no. of harmonics

|TI(I) | _ TDIST(L, ISEG)*sin(NO) + TDIST(L, _SEG)*cos(N8)

Temperature rise = {TZ(I}_ * L TDIST(L. ISEG)*sin(Ng) + TDIST(L, ISEG)*cos(N8) (B4)
tT3(I)_ TDIST(L, ISEG)*sin(N8) + TDIST(L, ISEG)'_cos(NO)

N = NSTART

NN = INCR positive N negative N
L=I

number of circumferential points for data input in range 0 g ](PLUS(J) g THETAM, where XPLUS(J) is the Jth

circumferential point and THETAM is the bound on the range of g. J goes from I to N'X. (NX must be less

than I00, greater than 2).

I = YPLUSI2 ) and YMINUSIJ ) are going to be read inr 2 = YPLUSIJ 1 only Is going to be read in; 3 = YPLUS(J)
and YMINUS(J} are calculated from user-written subroutine GETY(NX, XMINUS, XPLUS, YMINUS, YPLUS)_pg6-9)

I = function g(8) is even in range -THETAM _ 8 g ÷ THETAM; 2 = function BIg) is odd; 3 = function g(8) neither

even nor odd in range of 8.

Note: Theta-range corresponds to range XMINUS(NX) toXPLUS(NX) or -THETAM _ 9 _÷THETAM. This
need not be from -pi to + pi, but the interval it covers must be an integer fraction of the interval -pi to

+pi.

values of circumferential coordinate in degrees. Need not be evenly spaced and need not cover the entire 9-

range 0 to pt. Range must be an integer fraction of pt and XPLUS(NX) must equal THETAM. Also, XMINUS(J)

are generated internally and are equal to the negatives of XPLUS(ff), respectively. XPLUS(1) = 0.
values of g(e) corresponding to circumferential coordinates XPLUS(2).

values
_ corresponding to circumferential coordinates XMINUS(J). Note again that XMINUS(2) =

Note: The Fourier coefficients TDIST(L, r_EG) in Eq. (B4) are calculated by B¢_(_R4 with

use of the input data NX, N_PT ..... YMINUS(J|.
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PRESTRESS INPUT DATA FOR OPTION INDIC = 4, IPRE : 0

FOR SHELL SEGMENT_ ISEG

2"i)£>9 Co_tinue

ir _NDIC / 4

ir IPRE / 0

, go to 3000

, go to 3000

• Read NSTRES, NRLOAD

IY NSTRES / 0 • Call STA(NSTRES) (See Page B-26 for input data read it, rrom STA )

If NSTRES / 0 • Read

• Read

• Read

(mo(I), I : l, _sT_s )
(_2o(I), I : l, _STRES )
(CHIO(I), I : 1, NSTRES)

If NRLOAD / 0 • Read (IRING(I), I - i, ITRLOAD )

• Read (RLOAD(I), I : I, NRLOAD )

All data for shell and ring prestress have now been read in for shell

se_mlent_ ISEG

Go to 3000

B

Ring #6. IRING(4)=6

Ring #5 _ "Fictitious" Ring Because
Of Load H

Actual
Prelooded

Rings

Ring #4:IRING(5)-4

g #5:IRING(2),,5

A

V

Ring #2:IRING(J.)=2

#1_ "Fictitious" Ring Because Of Load V
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PRESTRESS INPUT DATA FOR OPTION INDIC = 4, IPRE = 0

FOR SHELL SEGMENT, ISEG

INDIC ... analysis type: INDIC = 4 means buckling with nonsymmetric prestress.

IPR E •• • used only with INDIC = 4; 0 = prestress meridional distribution read in.

l = prestress meridional distribution calculated.

NSTRES number of stations along the meridian in segment ISEG for which prestress

resultants NI0 and NZ0 and meridional rotation CHI0 will be read in (less

than 50).

NR LOAD . number of discrete rings in entire shell for which prebuckling hoop loads
will be read in. Note that NRLOAD applies to all of the preloaded rings

in the entire shell, an exception to the segment-by-segment handling of

the input data in BOSOR4. This quantity is read in only with data asso-

ciated segment #1 (less than 50).

STA(NSTRES) ... subroutine STA used to find mesh points for which prestress

quantities will be read in. See page B-Z6.

NIO(I) • .. meridional prestress resultant at Ith mesh point callout (positive for

tension). (floating point)

NZO(I) . .. circumferential prestress resultant at Ith mesh point callout (tension

positive). (floating point)

CHI0(I) .. meridional prestress rotation at Ith mesh point callout (positive as shown

in Fig. ZO).

IRING(I) index number of discrete ring with hoop prestress RLOAD(I). Indices

for all preloaded discrete rings are read in when ISEG = 1.

R LOAD (I} hoop preload in discrete rings. Tension is positive. Read in data for

all preloaded discrete rings in shell when ISEG, the current segment
number equals one.

Never include cards for IRING or RLOAD if ISEG is greater than 1.
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SHELL WALL PROPERTIES FOR SHELL SEGMENT 3 ISEG

3000 Continue

• Read NWALL

If NWALL = i • Read SMPA

• Read CII, C12, C14, C15, C22, C24

• Read C25, C33, C44, C45, C55, C66

• Read C36, ANRS

If ANRS _ 0 • Read data as given in TABLE 3

Go to 5000

If NWALL = 2 • Read E, U, SM, ALPHA, ANRS, SUR

If SUR = - i • Read NTYPET

If NTYPET = i • Read NTVALU

• Call STA( NTVALU ) (see page B-26)

• Read (TVAL(I), I = i, NTVALU )

If NTYPET = 2 • Read TH1, TH2, TH3, THd, TH5

If NTYPET = 3 • Read TVAL

If ANRS / 0 • Read data as given in TABLE 3

Go to 5000

I_ NWALL = 3 • Read E, U, T, SM

• Read TH, A, B, H, AK, STFM$

Go to 5000

If NWALL = 4 • Read EF, EM, UF, UM, AK, ANRS

• Read (T(1), I : i_ AK )

• Read (X(I), I = i, AK )

• Read (BE(I),I : i, A_ )
• Read (c(I), I : l, A_ )
• Read (SM(I), I = l, AK )

If ANRS / O •Read data as given in TABLE 3

Go to 5000
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SHELL WALLPROPERTIF__FOR SHELL SEGMENT, ISEG

NWALL.. 1 = general shell, coefficients Cij read in. Properties constant along s.
2 monocoque shell with variable thickness. Smeared stiffeners may be added.
3 = skew-stiffened shell, constant properties along arc length s.

4 = fiber-wound, layered shell; constant thickness; smeared stiffeners possible.

5 = layered orthotropic; variable thickness; smeared stiffeners possible.

6 = corrugated; properties constant along s; smeared stiffeners possible.

7 = semi-sandwich corrugated; smooth skin variable thickness; smeared
stiffener s.

8 = layered, orthotropic, temperature-dependent material properties;

variable thickness; smeared stiffeners may be added.

SMPA ... shell wall mass/area.

Gll, C12, etc .... coefficients of constitutive law given by Eq. (0).
ANRS ... 0,= no smeared rings and stringers to be added; 1.= yes, smeared rings and

stringers. (floating point number)

E ...... Young' s modulus.
U ...... Poissonl s ratio.
SM ...... shell wall material mass density (e.g. aluminum = .0002535 lb-secZ/in. 4).

ALPHA . . shell wall coefficient of thermal expansion.
ANRS .... 0.= no smeared stiffeners; 1.= yes, smeared stiffeners.

SUR .... -1.= position of reference surface arbitrary with respect to inner surface.
0.= reference surface is middle surface (thickness = twice z, so no input req'd).
+1.= reference surface is "outer" surface (thickness = z, so no input req'd for t).

NTYPET . 1 = variable thickness; 2 = variable thickness; 3 = constant thickness.

NTVALU . number of mesh point callouts for which thickness will be read in.

STA(NTVALU) .. subroutine STA finds which mesh points thickness input corresponds to.

TVAL(I) .. thickness at Ith mesh point callout. (See Fig. 34.)

THI, TH2, TH3, TH4, TH5 .. coefficients in function thickness = THI+THZ,:,sTH3+TH4:::sTH5

TVAL . . . shell wall thickness, constant for this segment.

E ...... Young' s modulus.
U ...... Poisson' s ratio.
T ...... thickness of skin in shell with skew stiffeners.

SM ...... shell wall material mass density.

TH ...... angle (degrees) between stiffeners and shell meridian.

A ...... stiffener spacing along circumference.

B ...... stiffener thickness (dimension parallel to skin).

H ...... stiffener height.
AK ......

STIFMD..

(Note: Do not use this

option for shells with
stiffeners on lines of

curvature. )

0,= for "inside" stiffening; 1.= for "outside" stiffening. (floating point number)
stiffener material mass density.

4

EF . , . ...

EM ......

UF ......

UM ......

AK ......

ANRS ....

T(Z) ....

x(i) ....
BE(1) ....

c(1) ....
SM(I} ....

Young's modulus for fibers. (Note: "inner" and "outer" are defined
Young's modulus for matrix, precisely in Section I. 2. Please read
Poissonrs ratio for fibers, that section carefully. )

Poissonts rati_ for matrix.

number of layers (maximum = Z0_. (floating point number)

0. = for no smeared stiffeners; 1. = for smeared stiffeners present.

thickness of "double-layer"; "inner" layer has index 1, "outer" layer as index AI_

matrix content by volume of Ith layer.

winding angle between fiber and meridian (degrees) of Ith layer.

contiguity factor; 0.2 to 0.3 is usual range; see BOSOR4 list.
mass density of Ith layer (e. g. , aluminum = . 0002535 lb-secZ/in. 4) .
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SHELLWALLPROPERTIESFORSHELLSEGMENT_ISEG(continued)

ir NWALL: 5 • Read WTIAPS, ANRS, TYPET

If (TYPET = O) Read

• Read

• Read

• Read

• Read

• Read

• Read

• Read

( T(Z

( G(I), I = i, WRAPS

( EX(I), I = i_ WRAPS

( EY(I)_ I - i, WRAPS

( UXY(I)_ I = I, WRAPS

( SM(I), I = i, WRAPS )

(ALPHAI(I), I = i, WRAPS )

(ALPHA2(I), I = i, WRAPS )

, I : i, WRAPS )

If (TYPET / 0)0 Read NTIN

• Call STA(NTIN) (see Page B-26 l'or input 1'tom STA )

If (TYPET £ O) Do 3100 I : 1, WRAPS

3100 • Read (TIH(II), II : 1, W]!IN )

Ir ANRS / 0 • Read data as given in TABLE 3

Go to 5000

If ITWALL 6 • Read E, U, AKRS_ SMPA

• Read CC, CH, CD, CT, CB

If ANRS / 0 ORead data as given in TABLE 3

Go to 5000

Ir SrWALL - 7 • Read E, U, ANRS, SMPA

• Read CC_ CH_ CD_ CT, CB, PHI

• Read ES_ US, TS, ANC, TYPET

If TYPET = 0 Go to 3200

If TYPET - ! • Read NTYPET

If NTYPET = i • Read NTVALU

• can STA( _-TVALU ) (see pa_ B-26)
• Read (TVAL(I), I l__ NTVALU )

If NTYPET : 2 • Read THI, TH2', TH3, TH4, TH5

If NTYPET = 3 • Read TVAL

3200 if ANRS / 0 • Read data as given im TABLE 3

Go to 5000

B-22



NWALL

SHELL WALL PROPERTIES FOR SHELL SEGMENT: ISEG
(Continued)

5 = layered orthotropic; variable thickness; smeared stiffeners possible.

6 = corrugated; properties constant along length; smeared stiffeners possible.
7 = semi-sandwich corrugated; variable thickness skin; smeared stiffeners.

WRAPS

ANRS

TYPET

T(1)

G(:)

EX(1)

EY(1)

uxY(1).
SM(I)
ALPHAI(I)

ALPHA2(I)
NTIN .. .

STA(NTIN)
TIN(If) ...

number of layers (maximum Z0.). (floating point)

0,= no smeared stiffeners; 1,= yes, smeared stiffeners. (floating point)

0,= layer thicknesses constant; L= layer thicknesses vary with s. (floating point)
thickness of Ith layer (I = "inner" layer, with "inner" defined in Sec. 1. Z).
shear modulus of Ith layer.

modulus in meridional direction of Ith layer•

modulus in circumferential direction of Ith layer.

Poisson's ratio of Ith layer; EY*UXY = EX*UYX.

material mass density of Ith layer {e.g., aluminum = .000Z535 Ib-sec2/in. 4).

thermal expansion coefficient in meridional direction of Ith layer.

thermal expansion coefficient in circumferential direction of Ith layer.

number of mesh point callouts for which thicknesses of layers will be read in.
subroutine STA finds which mesh points thickness input corresponds to.
thickness of a layer at the IIth mesh point callout.

E ..... Young's modulus.
U ..... Poisson's ratio.

ANRS .... 0.= no smeared stiffeners; L= yes, smeared stiffeners. (flOating point)

SMPA ... shell wall mass/(area of ref. surface). _'_CC'_
CC ..... dimension shown in Fig. _ _

CH ..... shown in Fig.

CD ..... shown in Fig. C
CT ..... shown in Fig.

CB ..... shown in Fig. _ I _ _CD

E ..... Young's modulus of corrugated material. _ CB _-_
U ..... Poisson's ratio of corrugated material.

ANRS .... 0.= no smeared stiffeners; 1.= yes, smeared stiffeners. (floating point)
SMPA ... mass/(area of ref. surface).

CC ..... dimension shown in Fig.

CH ..... shown in Fig.

CD ..... shown in Fig.

CT ..... shown in Fig.

CB ..... shown in Fig.

PHI ..... "knockdown" factor for torsion constant associated with area enclosed by
corrugation and skin. From experience 0.3 seems to be a good estimate
for PHI.

ES ..... Young's modulus of smooth skin.
US ..... Poisson's ratio of smooth skin.

TS ..... thickness of smooth skin (if constant thickness skin is used).

ANC ..... 0. for "inside" corrugations; 1. for "outside" corrugations. (floating) (see Sec. 1.2)
TYPET . . 0.for constant thickness smooth skin; Lfor variable thickness skin. (floating)

NTYPET . I = variable thickness; Z = variable thickness; 3 = constant thickness.

NTVALU . number of mesh point callouts for which thickness of smooth skin will be read in.

STA(NTVALU) .. subroutine STA finds which mesh points thickness input corresponds to.
TVAL(I) thickness of smooth skin at Ith mesh point callout. (Fig. 34)

THI, TH2, TH3, TH4, TH5 ... coefficients infunctionthickness(s)= THI+THZ, s TH3
+ TH4*sTH5 .

TVAL .. thickness of smooth skin which is constant.
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SHELL WALL PROPERTIES FOR SHELL SEGMENT 3 ISEG (continued)

If NWALL = 8 • Read WRAPS, ANRS, TYPET

If (T_PET: O)• Read ( r<1)_I : _, WRAPS )

If (TYPET J 0) • Read NTIN

• cal_STA(_rZN) (seePage B-26 _or input)

If (TYPET j O) Do 3300 I = i, WRAPS

3300 • Re_d (TIN(II), II l, NTIN )

• Read ( SM(I),I : _, WmPS )
• Read (_POI_(I),I : l_ WRAPS )

Do 3400 I = i, WRAPS

• Read (HEAT(I,K),K = i, NP01NT(I))
• Read ( G(K,I),K = i, NPOINT(I))
• Read (EX(K,I), K : i, NPOINT(1))
• Read ( _(K,I)_ K l, _P01_(1))
• Read (OXY(K,I),K - _, NPOI_(1))
• Read (AI(K,I), K - i. NPOINT(I))
• Read (A2(K_I), K = i, NPOINT(1))

3400 Continue

If ANRS _ 0 • Read data as given in TABLE 3

Go to 5[_00

5000 Continue

End of data input for current shell seg_nent. If (ISEG = NSEG), all data

for this case have been read in. Data for the next case can be stacked

i_nediately.

If (ISEG is less than NSEG) go to i0.
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SIIELL WAI,L PROPERTIES FOR StIELL SEGMENT, ISEC,

(Continued)

NWAI, L . . 8 = layered, orthotropic, temperature-dependent material proper',ic._:

variable thickness; smeared rings and stringers may be added.

TEMP MUST BE UNITY FOR THIS CASE.

WRAPS • •

ANRS . .

TYPET • •

T(I) ....

NT IN ....

STA(NTIN)

TIN(II) . • •

SM(I) ...
NPOINT(I)

[tEAT(I, K)

G(K, I) • •
EX (K, I) •

EY(K, I) .

UXY (K, I)

AI(K, I}

AZ(K, I) •

number of layers (maximum : 5_. (floating ptJll_t)

0.= no smeared stiffeners; 1.: yes, smeared stiffeners. (Iloatinl_ point)

0,- constant thickness; 1.: variable thickness. (floalin R poinll

thickness of Ith layer, with "inner" layer having index 1 (see Se_ 1. 2 for "iinb,'l"}

number of mesh point callouts for which thicknesses of layers will b, r,,d in.

subroutine STA finds which mesh points thickness input corresponds t<,.

thickness of a layer at the lIth mesh point callout.

mass density of Ith layer (e. g., aluminum = .000Z535 lb-sccg/in. 4).

number of temperature rise values for which properties of Ith layer arc giv, li.

Maximum of 20 values/layer.

temperatures abow. zero - stress temperature for which wall properties ,_1

Ith layer will be read in.
shear moduli of Ith layer at the Kth temperature value, HEAT(I,K).

Young's modulus in meridional direction of Ith layer at Kth t,.mperature v;tlu,.

Young's modulus in circumferential direction.
Poisson's ratio: EY*UXY = EX*UYX.

thermal expansion coefficient in meridional direction.

thermal expansion coefficient in circumferential direction.
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"SHEAI_]D" STRINGIER AIi]; ],:ili l tROPEHTIE2

]);_:_ !'_<_d it: ii AI.iHS ] i',-._' _,r:', :_.f' t_.,. N/'..LL tji.tl.

• it_,_,t IRECT;, IRECT . IV,&t£!. IVAR

If IHECT] '_:_d IVAR' • R'._'_,i N , , 1<1

• H..'_,I El, U', SqlFI£Y;

• R_,.l T i, I{

,3 : t- 4":,:,.

1 1 IF&ICT '_r_,t iV/iRi / • !9_:,i NSTATN, N.I, KL

• C:,] ; S'f/.. NSlbVfN ) (s,-<, !_c [!- ' J

• R_':_,i El , U[, J'flH'_D

D , _ I !. !IST,./!;_

,:,_ • _,.,i 'L(I], !!(I)

t:, ![ ': :_

1_i itd']CT , ',J:,i IUAR

• t£, ':i El, Ol. STIFF.D

• R,_,,: kS, ;..[ kI . ](,][

6 t £_ , ''

<.! :_:,i IVAR [ / ':, • R_:_d I;ST/'TY, I_ , K ;

• Cal] STA( NSTATN ) (see paile B-,i.)

D,:: _ , I ]. I'ISTATN

(]<: %o 4:!;i)

_'; < < ) !._. IRECT; :

• R<'_:,:] EL", U} , RGMD

• R,_.i Dr, T , t{2

G.:: tc 45(.:;_

I_ II_)ICTI um, i 1VAR; _ / ['_ • R_d NRI!'k}S_ K
C;_il STA( NRIN!]S ) (see i,age B-26)

D_: &](i':) I i, NRINGS

,] ; t,_ 45::}:i

If I[@iCIlk'

• Ilc_:,i XR, D_, A;'_ XI£; XJ

G , t_ 45:.'O

4 _:.!;,[)

I_, IRECT_ ':, _n _, IVAR' / 0 • i£_;_d _'rRINGS_ K2

b_, 4P:;,::, I 1_ NRINGS

_,_bO • Re_._ X(I), D(I), A(I), XI(I), XJ(I)

Go:, to 4500

A!l data for "smeared" stringers a_d rings have oeem read in.
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<

z

G

IRECTI .. •

IRECTZ ...

IVAR 1 •. •

IVARZ ...

TABLE 3

"SMEARED" STRINGER AND RING PROPERTIES

Data read in if ANRS = 1 for any o{ the NWALL options

I = stringers have rectangular cross sections; 0 = arbitrary cross sections.

I = rings have rectangular cross sections; 0 = arbitrary cross sections.

I = stringer properties vary with arc length s; 0 = stringer properties constant.

I = ring properties vary with arc length s; 0 = ring properties constant.

_0

f_

to

c_

to

Nl .. ,..,

Kl ......

El ......

U1 ......
STIFMD . .

Tl ......

HI ......

NSTATN . .

number of stringers in 360 degrees.

0 for "internal" stringers; I for "pxternal" stringers (see Sec. 1.2 for "inner").

stringer modulus.

stringer poisson ratio
stringer material mass density (e.g. aluminum = .0002535 Ib-sec2/in. 4).

stringer thickness (dimension parallel to shell wall) (constant).

stringer height (constant).

number of mesh point stations for which stringer properties will be read in.

STA(NSTATN) .. subroutine STA finds mesh point callouts corresponding to input data.
T([) ...... stringer thickness at Ith mesh point callout.

H(I) ...... stringer height at Ith mesh point caUout.

XS ...... "distance from neutral axis of stringer to closest shell surface (constant).

Al ...... cross section area of stringer (constant).

XII ...... centroidal moment of inertia of stringer about axis perpendicular to meridian.

XJl ...... torsional constant J of stringer (constant).

X([) ...... distance from neutral axis of stringer to closest shell surface at Ith callout.

A(1) ...... cross section area of stringer at Ith mesh point callout.
XI(1) ...... centroidal moment of inertia of stringer at Ith mesh point callout.

X J(1) ...... torsional constant J of stringer at Ith mesh point callout.

to
O

<

to

KZ ...... 0 for "internal" rings; 1 for "external" rings (see Sec. I. Z for "inner"),

ZZ .., . , ,

UZ ......

RGMD ....

DZ ......

TZ ......
HZ ......

ring modulus.

ring Poissonts ratio.
ring material mass density (eg, aluminum = .0002535 Ib-secZ/In. 4).

arc length between adjacent rings (constant).

ring thickness (dimension parallel to shell wall) (constant).

ring he{ght (constant).

NRINGS . .. number of mesh point stations for which ring properties will be read in.

STA(NRINGS) .. subroutine STA finds mesh point callouts corresponding to input data.

D(I) ..... . average ring spacing at Ith mesh point caUout.

T(I) ...... average ring thickness at Ith mesh point callout.

H(1) ...... average ring height at Ith mesh point callout.

XR ,o.°,.

AZ ......

XIZ . .....

X J2 ......

distance from neutral axis of ring to closest shell surface (constant).

ring cross section area (constant).

ring centroidal moment of inertia about axis parallel to meridian (constant).

ring torsional constant (constant).

x(1) ......
A(1) ......
XI(1)......
X J(1)......

distance from neutral axis of ring to closest shell surface at Ith callout.

average ring cross section area at Ith mesh point callout.

average ring centroidal moment of inertia at Ith mesh point callout.

average ring torsional constant J at Ith mesh point callout.
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INPUTDATAREADIN FROMSUBROUTINESTA(NPOINT)

• Read NTYPE

If NTYPE I • Re_d(IPOINT(I), I = i, NPOINT

If NTYPE 2 • Read(Z(I), I = i, NPOINT)

If NTYI°E= 3 • Read(R(1), I = i_ NPOINT)

If _Y}_, = _ • Read (S(I), I : l, NPOI_T )

If NTYPE : 5 • Read (THETA(I), I : 1, NPOINT )

Note : NPOINT is the number of' stations for which input data are to be read in

Z(1) is the axia.l, coordinate of the Ith data element.

R(1) is the radial coordinate of the Ith data element.

S(1) is the le1_gth of meridional arc from the beginning of the local

segment to the Ith data element.

is the angle in degrees from the axis of revolution to a normal

through the station corresponding to the Ith data element.

Mesh point callouts for which data will be read in.

, THETA(4) _ _ 17FIPOINT(5) • 17

•, R(4) _ .... _ .
' ' .13 7-1POINT(4) 14

|_.,-

;, s(4) 910___

6 _IPOINT(3) " 9

I 2345 121 • 4
[I)-I•IPOINTI

-IPOINT(I)
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Table 5

INPUT DATA FOR CYLINDER UNDER HYDROSTATIC PRESSURE (Fig. 27)

_o_,_.,_, [[i _ ....... i i.... =.......
I ! r

I'1'.' I..rpr ", "..-'1' : .... , ,, , I

CYL, _ID[R HYDROSTATIC _RESS. ]INDIC':-I/ BUCKLING ....... I

0 _ _ _

Al :J _ r r r

:o° :o°°.o ! .oo_.D ! .oo
DO,DO,o,o:o, _ , ,_ , .... o] o .o¢

........ j i[ ':....... ooo....,.:" ,osoo,! :1 , ,.o .o:o .DO
oo,oaooo,oeo ,1 _ _ i.o .od o .00

i : i J _ i ! I ! J

I I! I

o' .o_., '_ .o:r.o ] oolo i DO/ J

7; $7 30 _4! S.' TO 71 70

_l *1 *01.6 .DO1° S *OO.I °01 _ o01

....... i ..... I.... ,.0 / .00

:_o_s' .o .o..... , .o ,, .o I
I

o !

oL° .DiD
-5075 *0

• I *O0*O .00.0 *0¢ *0' _OC

• 0 *00.0, *00*0 *0¢ °0 *OC

o :o t
. I00 *081.02 *0 *0 °O0°O_ °OC*l *Ol°O *00

O

• 0 ,001.0 .0 '

• 0 *001.0 . O01

*o0• 100 *01g* 02 _ 001, 0

.to i i .oo.o2 o .oo!.osa _o____

_1 °'_ '" oo ' "

• 00]* I tSO .01 .O .00 t

t _ .00

•0"100 °00*904"08'0144 .02.0*00°788 -05.3888 -04;*0 *00.04 *OO

0 0

• !.9_e i

.... ;i" o .o,..s
• 101,5 *O_J*O *OI*1100

•D,i.o .o_ [ ......

• 02 °001 I

,5 i
• log .00:.0144 • O_* TgS8 -osi* 3688 04.0 *00

• 0 * 0 * '

00.904 O; *O .OO'

(_ O I [

2 i C oO0*O

.tO8 *DO.02 .0o.o ,oo,o *00,,0 ,0o'

i i

TITLE

mk_C, M,wr. NL A2T, L_TR[S, Jim2

N_EO. NCOND, [BOUNO, _RmID

NSTART, NF3_. [RCR

NO6 RilMB NMAXJ INCR8 N¥[C

NDIST, NCmC,NTHETA

( ITH(TA( ! ), Is I,NCIRC)

THETA( I |, I • I,k_]ST}

THETAM, THETAB, PREROT

(IF[X(i,4). 4-1,0), DI(I), O0(I)

(IF[X(Z,J), J • I,$), Dl(t|, D_{2)

(WIX(O,J), J*I,S), DI(S], Or(i)

(JF]X(A,a], J,I,S], DI|4), Dr(4)

( IFIXB( I ,J), Jo S,0]

([F[XaKe.J), J. S.S)

(ffTXe(S,J), a. 0.S)

(IFIXII(4,J),J. S.e)

P, DP, TEMP, DT[MR

FSTART_FMAXIDF

NMESH, NTYPEH,[NTYAL .._. O[A#AENT I

NHVAL U

(IHVALU(I). [ • 1.10)

( B'IVALU( ] ), I I li* NHVALU )

( HVALU(]).]. I.AB )

{ HVALU( I ]. ]= 7, NHYALU )

kmHAPl[, NTYPEZ, IMP

nl,Zt, R2.Z2

ZVAL

NRfNSS

h_YP[

IPOINT( I )

NTYPER{ I )

LINTYP

(NL_AD(M), MII.4 )

{NLOAO( M), M-I,4 )

or{ t )

NLTTPE. NP2TAT, NTSTAT, NTGRAD

PH,PI _,P f_ P 14,PI8

P_I_P_2,P_O,PZA,P_O

NWALL

[, U, SM. ALPtlA, ANRS, 2UP

IRECTI, [R[CT2, [VARI ,IVAR_

Ni,KI

[I, Ul, STIFMD

T[.HI

K2

E2,Lr2. RSMD

D_H;_j TM -

NIAE_H,WrYPEH,INT_kL._ BEGINNING SE_NT 2

NHVALU

{ [HVALU( _ ), I • LNHVALU )

( HVALU ( [ ), ] • I, NHYALU )

NSHAPE ,NTYP2Z, iMP

RI,ZI, R2,22

ZVAL

NRIN6S

NTYP[

IPO_NT( I )

NTYPI[R( I )

[, A, IT. ]X.IXY, [I

L[NTTP

NLTYP[, NPSTAT, NT 8TAT, NTSmAD
NWALL

NMESH.NTYPEHolRTVAL .....BElliliNe _EHT g

NHVALU

(IHVAL U( [ ). I • I. NNVALU )

( HVALU(I), [ • I, NHVALU|

NSHAp[, RTYPEZ, IMP

RI.ZI, R2 ,ZI. _

ZWL

NR_40S

NTYPE

[POINT( I )

NTYPER( I )

[.A. IT, [X,IXY. 21

[2.OJ,RM

LINTYP

NLTYPE, NPSTAT, NTSTAT. NTORAO

NWALL

E, U. SOd, ALPHA, ANR_, SUR
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/// DETAIL DD
L 122 48

i SEGMENT _2: LAYERED ORTHOTROPIC __[__
CONE WITH TEMPERATURE-DEPENDENT

I _ MATERIAL PROPERTIES

1 oo6._. _ . z

sDETAIL CC , 55.8°F
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RfNGS

(SMEARED OUT

IN ANALYSIS)

SEGMENT #4 :

ECCENTRICALLY

STIFFENED TOROIDAL

SEGMENT (DETAIL EE,

SECTION FF )

MENT #5: ECCENTRICALLY

STIFFENED SPHERICAL

SEGMENT (SEE DETAIL EE)

/ 7F
Fi:[. i Segmented Composite Shell for Analysis by BOSOR4 (Page 2 of 2)
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® Mesh Point 12

®

Fig. 2
Typical Branched Shell of Revolution f:i,_r Analysis by

BOSOR4. Table 1 gives the Constraint Condition Input
Data.
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F_. Stiffness Matrix Configuration with Boundary Type Constraint
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Calculate first derivative of energy (local right-
hand side PSI) and second derivative of energy

(local stiffness matrix BCB) corresponding to

IP_INT. Contribution of shell strain energy

and work done by distributed mechanical and

thermal loads.

[ IP(_INT : I ]

[
Find global row numbers

12M, IIM, 10, liP, IZP

corresponding to IPOINT

to discrete ring
location

YES

correspond
location of "minus"

rt of

dition

NO

YES

Calculate first and second derivatives

of energy corresponding to the IKth

- ring in the JSEGth segment. Work done

by mechanical and thermal line loads.

!

Calculate local matrix OD containing
"minus" part of the IC_NDI st constraint

condition and contributions of the "minus"

- part to the local and global right-hand

I side vectors PSI and FNEW and to thelocal stiffness matrix BCB.

i
[ IC_NDI = IC_NDI + I J

#

Fill global stiffness matrix BB with QDor save QD for use in future block.

location of "plus"

rt of constraint

ition

NO

Fill global matrix BB and global right- |

l

hand side FNEW with the local stiff- rhess matrix BCB and local r-h-$ PSI

1

I Store current block on drum or disk,zero out BB, and set HI = HI + I.

Calculate local matrix D containing "plus"

part of the IC(_ND2 nd constraint condition

and contributions of the "plus" part to

the local and global right-hand side vectors.

Fill the global stiffness matrix BB with D.

If global row number IR of constraint condi-

tion equals the global row number of the

"minus" part OSAVE of a constraint condi-

tion from a previous block, fill BB with
QSAVE also.

l
IC@NDZ = IC@ND2 + I

RETURN>

I
NO

IP_INT > I5(JSEG) ? ]

YES

Does highest equation number correspond
to last equation NGBKP (HI) in current

block III?

Fig. 17 Flow Chart of Subroutine PRESTS. PRESTS is entered for each segment

of a shell of NSEG segments and for each Newton-Raphson iteration of
the nonlinear solution.
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Fig. 20 Two-Segment Shell Meridian with Discrete Rings, Discontinuity,

and Various Quantities Identified
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READIT

M A I N I,

-_GASP 1
DRMMD8

NTRAN

EXIT

P¢SIT l

L NTRAN

SAVEO ]

_ NTRAN

I WAIT I

LEXIT

_CHANGE

GASP

--URNDM

-_SR 100T ]

h ELTI
ELT3

--_,_ TR EssJ

I I

!

I

E

Fig. 23(a) MAIN Program with Six Overlay l,ir_k,_;

(UNIVAC 1108 Confi_(uratior_)
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-- L_)ADS

-- UNLI_AD

I FACTR 1

EXIT

PRE1 I
APREB ]

_GASP

- PRESTS J

GASP

1 PGETC

-- G_WWP

-- PGETB

-- FILLBP

PRE2

PREB

- el.,_cAcI

GASP

-- STRESS

Fig. 23(c) PRE Link (Nonlineer Axisymmetric Prestress)
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I FACTR

Is_LvE

ARRAYS I

_,,oo_rI
_oAsP I

I
GASP I

STABIL 1

-- GETWWD

-- GETC

-- GETR(_T

-- GETB 1

-- GETP

-- MATMU4

-- SRHS

-- GETE

GETD

GETG

MATMUZ

U MATMU3

FILLB

Fig. 23(d) ARRAYS Link (Linear Stress, Stability, Vibration

Equations Set Up)
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BUCKLE I

I

-l _,oo_ I

URNDM

VEC

GASP

L_ GASP I

EIG

GASP. ]

FACTR ]

EXIT

ADD ]

-4_°° I

-- CHANGE

-- UP, NDM

-_v_ I

1
EBAND I

--{SR100T

--{FACTR

-- URNDM

Fig. 23(e) BUCKLE Link (Linear Stress, Stability, Vibration

Equations Solved)
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[MODEl l

I

[MaDE ]

I
_ IFIND[,

-- L(bCAL ]

-- STRESS

-- RINGF

--SP(_SE

Fig. 23(f) M_DE Link (Linear Stresses, Buckling and Vibration Modes

Obtained)
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--'[ SETMIV I

"1 XSCALVI

--I_c_,,I

LINEV I

"1 RITE2V I

-_,.ow I

--[,o..,v1

FRAMEV I

-[ PLOTOP I

--- FRAMEV

-- CHSIZV

-- RITSTV

-- RITEZV

-- SETMIV

-- DXDYV

-- GRID1 V

-- VCHARV

-- APLOTV

-- LINEV

Fig. 23(g) PL_T Link (Important Results Plotted with SC4020)
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Fig. 24(a) Flow Chart of MAIN
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l

1

i

INPUT

©
Read data applicableto all shell segments

Print ot_t some of this

prellmlrmxy data

OUTINI

Do 360, ] = 1. NSEG

1
Generate variable mesh

for segment I

MEgti

i
Read refereuce surface

geometry and calculate

r, r', 1/H 1, l/it. z, (l/R1),

and Z and store on drum

GE(tMTY

i

Read data for discrete ]

Irings in current segment
RGDATA

Initialize load and tem-

perature arrays for drum

ZEROIT

Read loads: LOADER:

Read mechanical line loads |

Read thermal line loads /LINE LD

P_ad pressure a_d surface ]

traction distributions fDISTi'

Read temperature dietrlb.

DISTT

If INDIC=_ and IPRE:0, ]

19_ad prestress distribution IGETPST

i
Read data for wMl construc-

tion of current segment.

Calculate thermal loads and

Ctj (constitutive equation)

and store on drum

WALLCF

360 End of do-loop on I

All input data for current

ease has been read trl

RFAD_ (K)

_[ Print out rest of input ]data, OUTI N_2

AdjuSt control integers

because of extra mesh pie.

_kted near segment ends.

ISHIFT

Obtain I_empiate" of pre-

stress matrix for non-ltuear

prebuckllng analysis

SKILIN

Obtain "template" of linear

nonsymmetrie stress, buckling,

and vibration matrices K l, K 2. K 3,
and M

SKILIN

Store "templates IW and

]LOC on drum

GASP

OUTPUT

©
Print out resuJtsfor this case: OUT2:

If IN'DEC = -2 print

stability determinant.

applied loads at load step

OUT LOB

ff INDic _ -1 print

stability determinant,

applied loads at buckling

OUTLOD

If INDIC * - 1 print pre-

buckling dlsptacements and

stress resultants

OUTPRE

1
If INDIC = -I print

buckling modal displacements

btmkltng load

OUTBUC

If INDIC = 0 pr_pt stress

resultants Imd/or stresses

for all load steps

OUTPR_

If INDIC = I or 4 print

buckling loads and modes

for NVEC eigenvalues

OUT LOD, OUTBUC

1
If INDIC - 2 print vibration

frequencies and modes

OUTBUC

If INDIC _ 3 print non-

symmetric prestress in

shell and discrete rings

for superposed harmonics

Fig. 24(b) Flow Chart of READIT
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iteration.

in blocks.
A PREB

Establish loads ]LOADS

Set up coefficient

matrix _2Uo/_qi_q j

and the "right-hand-

side" - _i for current
load and Newton-Raphson

Store on drum

Read coefficient matrix

from drum and factor in
blocks. Store factored
matrix on drum.

FACTR

Solve the equation system I

[_2Uo/aqi3qjl{Aqj } = {-¢i) 1

SOLVE [

Test for convergence:

[ Aqi/qi [ <-- 0.001 for

i = I, 2, 3,...M

If no convergence
after 10 iterations

reduce load tncrement

and try again. If load
increment too small go
out

DIN'LOAD

No

Convergence

Convergence

Calculate stresses from

displacement vector
PREB

i,,, i
Fig. 24(c) Flow Chart of Subroutine PRE
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ARRAYS ]

INDIC = 2

Read "template" IW and ILOC
from disk or drum for the

arrays K 1, K2, K 3, and M

GASP

Read mesh spacing array, DS
from disk or drum

GASP

[
Calculate stiffness matrix K 1

for shell with "fixed" preloads,
Calculate also the load vector Q

if INDIC = 3
ASTAB(1)

I Calculate "load-geometric" matrix K 2 IASTAB(2)

Calculate "lambda-squared" matrix K 3 [ASTAB(4)

I INDIC --3 ]

Calculate mass matrix, M
ASTAB(3)

Fig. 24(d) Flow Chart of Subroutine ARRAYS
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BUCKLE ]

Same as for INDIC = 1

EBAND

Linear Solution

KIX ---Q

Ca ]culated in ARRAYS

Calculate stability determinant
FACTR

INDIC

Calculate lowest eigenvalue
of the system:

KlX + kK2x ÷ k2K3x ffi 0

E IGE N

Calculate lowest NVEC

eigenvalues of the system:

KlX- _22Mx = 0

EBAND2

\
Calculate lowest NVEC

etgenvalues of the system:

KlX + ),K2x + k2K3x = 0

EBAND

Fig. 24(e) Flow Chart of Subroutine BUCKLE
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I MODE ]

i Recover globs/equation ]numbers for w-polnts, IV/

t
Recover mesh point spacing. DS ]

If INDIC = 3 establish merldlons/

coordinates X for which displace-
ments and stresses will be printed
and plotted. IFIND

Do I000, II = I, NVEC (no, of elgenvectors or soln. vectors)

t
Recover solution vector for N [

m

given
I

If INDIC ffi 3 recover discrete ring [

m

thermal loads for given N I

If INDIC '_ 3 normalize elgenvector J

I

|

Do 100, !., 1, NSEG (no. of shell segments)

Calculate u, v. w and stresses In

shell and discrete rings for
Ith shell segment. If INDIC ,, 3
superpose the results at prescribed
merldions/and circumferential stations.

LOCAL

1
I00 End of do-loop on I

t
I Store and vibrationmodes drum [

S

buckllng on

!

1000 End of do-loop on II

Store superpoeed shell stress resultants 1or stresses on drum.

t,
! Retur !

Fig. 24(f) Flow Chart of Subroutine MODE
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INDIC _ 3 J

I PLOT I

i
Call CAMRAV(9)

If INDIC = 3, recover
meridional distributions, SMODE
and circumferentiltl distributions,
of stress resultants or stresses

and meridional stations, X
GASP

TMODE

i

I If INDIC = 0 or -1 recover prestress
distributions and plot them

PIL)TOP

1
Do 140, K = 1, NVEC (no. of elgenvectors/N)

1
Plot buckling or vibration modes I

PLOTOP I

140 End of do-loop on K

INDIC = 0

!

Plot meridional distributions for [

prescribed number of theta-stations j---_P LOTOP

Plot circumferential distributions I
i

for prescribed number of meridional [stations. P LOTOP

Fig. 24(g) Flow Chart of Subroutine PLOT
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cn -400

F;C. _;_ BOSOR4 Te_t C_-{;No. _$: Simply-Supported Flat _late with Uniform Lo_d i_
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•.- Symmetry Plane
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f

20 Fourier Harmonics:

N = O, - 3, - 6, -9, ..., - 57

e.o. 
_ _000302"

"_'_'-'-4

__ / scr2( i;;, er) at_

Fig. 29 B_S_R Test Case No. 4: Ring-Stiffened Cy]ir_der with Three Poi_,< Loads
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f Edge is free, except rigid body modesprevented for N-0,1

I E- 107 psi
v=0.3
p - 0.0002535 Ib-sect/in 4

31 mesh points for 0 :__ :_90"

Fi_,. 30 B_S_R_; Test Case No. 5: Vibratiom of Free Hemisphere
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-hi i_
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MESH

w

| I | t

8 I0 12 14

POINT NUMBER

I i

16 18 12

II

18

16.
15

14

13

_o 17

I0

9

"w" Mesh Point

8

h2

Shell Rsf. Surface

3

\
\

\

'ol

4

\

\

\\ \

NHVALU • 6

(IHVALU(1), I -1,6) - I ,4,5;8,13,17

(HVALU(I), I - 1,6) "2.,2.,8.,e.,I.,I.

Absolute values of h not required.

Only relative values.

Fig. 32 Mesh Point Spacing Callouts
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B (R2, Z2)

f

NSHAPE = j

(a)

RC, ZC '_k

m, zl,_A SRCT = -1

l s

[__NST = 2

R= RSI"ART.A_ TM •BFtCN

NSHAPE : 2

(b)

B

I)

A

NSHAPE:4, l_qT'l

(a)

ZAJ

NSHAPE=4, NST = 2,5

(d)

Z

NSHAPE=4, NST=3

(e)

_-_XMAX

I
I

NSHAPE =4, NST-4
(f)

Fig. 33 Various Meridian Reference

Surface Geometries Corresponding

to:

(a) NS_PE=I
(b) NS_P_,=2
(e) NSEAPE= _, NST= 1
(_) NSHAPE= 4, NST = 2
(e) NSHAPE = 4, NST -- 3

(f) NSHAPE = 4, NST = 4
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TVAC(8)

Z VAL (4)

TVAL(7

TVAL(6

I

I TVALU(8)'_/

[ZVAL(4)

_U(7) : 43

:62

,Z

=r

_.VA L ( 3

TVAL(5)

TVAL(4)

iZVAL(2)
TVAL(3)

TVAL(2)

TVALU(6): 40

ITVALU(5) _ :

IZVAL(3) J 28

ITVALU(4) t : 27IZVAL(2)

-7VAL(I )

(3):22

[TVALU(2):20

Reference Surface

Local Meshpoint No. IZVAL(1):I

] TVALU(1) : 1
TVAL(1)

Fig. 34 Shell Meridian Showing Input Data for Reference Surface

Location (ZVAL, IZVAL) and Thickness Distribution (TVAL,

ITVALU). Reference Surface Location and Thickness Distribution

Vary Linearly Between Callout Points IZVAL and ITVAL
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i

(a)

_(2) Positive
R(21) Positive _2

R(3) Positive R(3) Negstive
1 2

R_ ") Negative R_ ") Neg,tive

R_ 5) Negstive R_ 5) Posi tive

(b)

Fig.35(a) Shell Element With Displacements, Rotations, Forces. (b) Radii of Curvature.

u,_ w Form a Right-Handed System. w and P3 Positive to the Right of
Increasing Arc Lengths.
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A _ -._form Pressure 7

5.447 z t - 1.0

_- 104.4 :

E = 30 ,, IOs psi

v=O.3

S

Ai[

Z_

wo at Buckling Pressure=28.145 B
psi

Circumferential Waves

Fig. 36 Test Case 7 - Buckling of Shallow Spherical Cap (see Table i0

and Page A93)
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Z

Shel I_
L--. (positive)

r c_. Attachment Point

•-XlP j--_ I--- L( 2)-_-t_I -- II

-,

As The Discrete Ring Attachment Point

Reference Surface)

¥ z
Reference
Surface

Discrete Ring

_X

_

L(3)

_Xv

(On The Shell

EXAMPLES:

1"--4 L(I-) = 4"

L(2 ) = 3"

T(2 ) = 1.5"tl=I,L_ 3" ;

4_ L(3) =T(3)=0

• X1P -5"

_, Y(I) =Y(2)=Y(3)= 0
Z-Ring ' _-Shell

z Y

PointAttachment-_I_/_

!

L--.r (negative)

®
L(I)=T(I)=O

,,_-I" L(2): 3"

L(3) = 4"

• ' T(3)= I"

---2" XlP = I"
I I'

Y( I )=Y(2) =Y(3)= 0

l_ut faramete£s lot discce%e ri_,s pro_Jerties with NTYPER(1) = ]_

or _YfYPER(1) 5 • X,Y axe_: as shown for NTYPER(1) : h option,. With

NTYPER (I) _>option, the X,Y axes a_'e _orma]_ tahge_ctlaf to _'e1'.
S U.r'I'_C_
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APPENDIX C

CDC 6600 AND UNIVAC 1108 (EXEC 8)

B_S_R4 OVERLAY CONFIGURATIONS





CDC 66O0 OVERLAY STRUCTURE

REC

1

:3
A

6

7
8
q

1o
11
x2
13

14

15

16

17

18
19

2O

2!

22

23

24

25

26

77

_8

30

31

32

33

34

_5
36

R7
38

3g

4O

41

42

43
44

45

NAME TYPE LENGTH

-0v qL,v TEXT" "
• OV-IE_t..,_41_{3.S.OQ4Fa_4

MA_N EEL_ 2_12.

MAINI nEL 47
SRIo0T REL - A7

ELT1 _EL 3o
ELT_L ._F_I-. ___

GA5P REL 233

URNnM REL 14_.

FACTR REL 74_
SOLVE REL 4KS
CHANGE REL 11_

STHESS REL _4_.
MATMU3 REL 147

OVb_LaY TEXT 2
OV_LaY(I,O)

REAnlT REL 124A

MESH _ . ..5_4

STA REL 41n

INTER REL 1:4
FINnZ _EL IS6
GETZ REL 3A4

OUTAX pEL 47A

OVERLAY TEXT
OVERL4Y(I,I}

RFAPST _EL 341
OUTINI REL 1304
WRCAN REL 2_

OVL_L_Y TEXT ....

OV_LAY(I,2)

GEUMT,_ REL _37

GEUMTY _EL 517
GEUH _EL 4In
IMHERF R.EL 1072

GEUHI REL 4_?
GEOM2 _EL 7_7
AR_DR!,' _EL _31

GEOH3 REL SiP
GEOq4 _EL 1_04
SHELL REL 70_
SPLTN_ REL 31_
SPLICO REL 526

GEOM_ REL 6_3

OVErLaY TEXT 2
OVERLAY(I,3)

RZLG REL 370

RGO_TA REL llln
/ERnlT REL 34A
LOADRE REL 3_0
LIN_L F) REL _4_

sa.6;

7357

o_o;

_1o_

067_

_7z_
_06;

372_

_n6_
In6_

_43;

]03;

772_

4_7_
4_6_
_46;

740_

4_oT

_47v

s4oZ
0_5_
_0_

o61T
5479
S61n

000_

_667

_17_
320_

141n
_o7+
AP6;

nATF

.01107t72

01/07/7_

-01t_7/72
0110717?
01.#n7_72
01107/72

01/07/72

01107172
01107172
01/0717_

01/07/72
0|/07/72

01/07/7_

0t/07/72

01/07/72

oI10717_
01107172
01107/72
01/_7/72

01/07/72

01107172
01107/72

01/07/72

01/07/72
01/07t7_
0_/07/72
01/07/7_

01/07/72

01/07/72

01107/72

01107/72
01/-0717_
01/07/72
011_7/7_
01/07/7_

01107/72

01/07172
OltnT/72
01107/7_
0|/07/7_
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WEC.

46

47
_A
49
50

53
54
_5

R6
R7

_g

6O
61

63
64
6_

67

A_
Ag

70

71
72
73
?4

7_
76
77
7_
7g

RO

B4
R_

R6

B7
Q_

_g

qn

91

NAMF TyPE I F_IGTH CK_U-

DISTL Q_L 1P4_ _nAA

LOADRD REL .&74 p34A
GETrS REL 12n _nn_

FOUR REL ]}20 070_

GETY REL 113 4_&_

FCUEF REL 3_5 _n4_
OUICC pEL 3nA 7nit

OUTHM _EL 214 7_AA
GETPST PEL 4Fn 11_V
OVLRLnY TEXT _ 4n6V

(}V_LAY(I_4)

WALLS REL _I _A3_

WALLCF REL 11_1 776&

FINnlW pEL 2_7 _l_

FUNCT _L 117 AS?_

CF_I _EL _4An _3_
CFu_ _EL _P_R _7_
INbRAT REL 3_4 P73_
CF_3 PEL 6n7 _7=

CFU4 pEL 13]A n07_

CFB_ _L 163n 7_0_

CF_ nFL _ _16_

CFu7 pEL 133A _3_

CF_ _EL I_7_ _

STIFF _EL 13n3 470_

OVE_I _Y TEXT _ _7A
_V_RLAYIIt%)

RFIVE n_L 64_ _AOE

ZGL(INc pEL 37n _&2_

OUTTNP _EL lln_ 1_2_
OUTI.L _EL 4_ 140_
ISHTFI pEL 1;7 R_7_
_ILI,I _EL pS>_ _nT_

SOHT REL _41 A?5_

GE[Iw pEL _!R 7Pl_
GE[HL_ REL 37_ _&O_

OVERLAY TEXT _ _67_

OU[FI_' _EL a7 }10_

OU r_ OEL In I? nNl
OU[_O _ _EL 1271 _4_T
SUPrk PEL 6_ n_4_

OUILOn _LL 31_ _mO_
OUFPPr nEL 374 p_O_

OUTRLIC _EL PA, _7fl_

OVERLAY TEXT _ _4_

OVtRLAY(R,h)

PR_ _rL 154_ 3P3_

LOAn_ PEL l_ 722_

UNLOAn REL 2n& n74_
OVERLAY tEXT _ _A6_

OV_NLAY(_,])

nATF

01/07/72

01107,L_2
01107/72

01/07/72

01/07/72
01107172

01/07172

01107172
nl/07/72

Ol/O7/7P

01107/72

01/07/72
01/07/77
01/0717P

01/07/7_
01/07/77
011O7/72

0]/n7/72
01107172

01/07/7_
01/n7/72
01107/72

01/0717_

01/07177
O1107/72

01_07/72
01107172
01/07/7P
01fn7/72

0lt07172

011_7/72

01107/72

01/07172
01/07172
01/07172

01107172
0|/07172

o1in7/72

01107/72

01107172
01/07172
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REC NAME TYPE LENGTH CK_U. _ATF

.q3 PRE_I. _- RE.L ....... En.-

94 APREB REL 34p
95 _ .PR_ST_ - REL. 33&_

q_ GETwwp REL 14p

g7 PGETR REL -3n4
qP PGETC REL 74_
99 .-EILI.-P_.....REL --4_---

100 OVERLAY TEXT

OV_RLAY(_,2)

101 PRE2 REL 6n

102 PRER REL 406

103 PLOCAL REL.. 2n_7
104 _VERLaY TEXT ?

OVtRLAY(]_O)

1n5 ARHAY_ REL I00_

I_6 ASTAR REL 414

107 STABIL. REL 43A_

108 GETwwh REL 14_
lOg FILLB nEL 2n6

II_ GEYBI REL 7q6
III GETc REL 33_

11_ GET_ REL I_I

113 GETF REL ]_7

114 GEIG REL 3A5

I15 GErP REL _77
116 GET_OT REL 3_
117 MATMUI _EL 243

lla MA[,U> REL 24_
119 MA[MUa REL 237

12_ RRHS pEL _qP

121 SRHS REL 476

122 OVERLAY TEXT

OV_RLAY(4tO)

123 BUGKLE REL 2_6
124 VEC REL PqA

125 ADO REL 2q_

126 OVERLAY TEXT

OVERLAY(A,/)

127 EBAND2 REL 3128

12R ADU2 _EL 17q

IP9 OR[HO; REL 2;;

13n OVEPLAY TEXT

OV_RLAY(_P)

131 EIGEN REL ]42n

13_ OVEPLAY TEXT P

OVtRLAY(4_3)

133 EBAND REL 3077

134 ORIHO REL 1_

13¢ OVERLAY TEXI

o06_T.

s36;
nne_

_oSE

377A
p43_
447;
6n6_

7?3T

7474
q14_
.4nTT
_I0_
4_T

n34&

67o,
7n2A

_74_

_-
4ssL
74S_
646;

s334
7lit
_6_

nTOv
s15_

_n65

417_

s77_
7_7_-

01107/72
01t07/72

01107172

01107172

01/07/72

01_7/7_

01/07/72

01/07/72
ot./n7/72

o1/n7/72

01/07f7_
01/07172

01/_7/72
01107172
Ol/n7/7?
ol/o7/72
ol/o7/72

01/07/72
01/n7/72

01107172
01/07/72
01/07/72

01/07/72
0.t-F0-7/72

01/07/7_
01107/72

_01/07/72

01/07/72
01/07/72

-01107/72

01/07/72

01/n7/72

.01/07/72

01/07/72

01/07/72
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_EC NA_tF" T -PE I F_'°C_TLI t"W'{;IJl, nAT,'

136

137
13B

139

140

141
142

143

144

145

146

_IOUF 1

MOt.}F

LOCAL

R T :'_,;F

SPO£_
OVl:.. _1 '_Y

PLUT]

PLUT

PLUTC)O

o EOF

,}EL

_d:.L
_EL

_LL

F_EL

,JLL

lExr

:}Vl:.;:l.Ay (q.,_N }

_FL

;,EL

_:l'J =

IF;7_

I 7Q

1 7_,7

F_r_t

_724

&aT 7
7_N,

_nN_
7_44

747_

n71_

_7_

mlnm

01/07/7/

01/n7/7_

01/N7/7_

OI/a7/TZ
0110717@

NI/07/7_

0l/n7/7 _

01/n7/7_

C-_



UNIVAC ll08MAP AND OVERLAY STRUCTURE

_MAP,S ROSO_,ROSOR8

MAP 0022-0_/11°0g:12 -(0,)

I •

2.

q, ,

6.

7.

R,

Q.

(;.

I.

P.

3.

;4.

16.

17,

IR.

Ig,

2n.

21.

22.

23.

2q.

2_.

26.

27.

SPG Mf_

IN MAIN

IN SYS$*qLIR$.PI.OT$

IN 5YS$*_L|£{.PLOT$$

£EG L|NKI*,(MN)

IN _£AO[T,GETZ,FIN_?

SE6 SI I*,{LINKI )

I_ RFTPST

£EG SL_*._L[NKI]

IN ME£_

5EG SL3*_(I_INKI )

IN (,Eo:MrR

SEG GE_I*,ISL_}

lr,J GEnMI

SgO GEO2*,(_L_)

l,j GEoM2

5EG GEn3*,(£L_)

IN GFOM3

SEG bEOq*,{£1__)

IN GEoMq

SFG GEOS*,_SLII

IN GE(_MS

£EG 51 q*,fI_INKI)

IN RZLG

SEO _G*, (SI.W)

IN _GDATA

£FG ZT*,(SI.w)
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3i'_ °

3"_.

"}u°

;iF,,

:J f.

3q.

L_ {-, ,.

qP.

14"_ "

14_ ,,

4c.°

u_.

q / .

L4_ ,

_q.

_I*

_.

_.

I_, ZEROTT

%oF, Ln*, (qLq)

5EG GT*, (SLw)

[:',_ G._ TFST

S_G Sl %*,(I. IhKl )

laJ I.,,,61[ _,wAL[ ('9_(FPl,g'ILICT

q__G C,q R*, St._

St& CP_*, SL_

_F._, C_C_*, qL_

SFG CF6*, _l_q

I_ CFBA

_,', CPT*, S( %

I'_ CFP,7

BY n C_ _*, _[

SEt; SLY,* • t I ',]K I ]

J" C)"]A:'(

SEC" el. 7", [. ] KIK I )

SFG ZnI*.(SLT}

I_,' Z6! 0_" ,OIITIKI2_, (s_qlF'T

SE(_ SKY*, (St 7_

I< %KII T:,j

C-_,



4?. Sr_ SL r*, (L.t _1< I )

9£. I_J C)lJ1 _ I nt

%q, SEG LIN_,2*, (_N)

6P. [_' PRE.L OADS.UNI OAO

61, SEG SI.;_I*, (LINK2)

67. IN PkE I

6q, SE6 SLY#*. {t INK_)

hu. Ii_ PRF, _

6B, 5F..G LINK-)*, (MN)

6(',, I_, ARp_Yq

67, SFG LIhK4*, ( M_,!)

6r, I xl BI,C KI.E

60. SF6 SI qI*,(LINKq)

7A. I,_, E F_AKID2

rl, SCG SLq2*, (LTNKW)

7?, fi'.r EIGFN

73. SEG St.qq*, (LTNKW)

i'q, I,',4 E P,A t,lF_

"i_, SEn LINKS*, (MN)

76, I _, I'IoDF I

/7. SEG L II,,_A*, (MN)

78, I_,_ PLOTI

ADDRFSS LIMITS UOInO0 0336W7

SEGMENT I.O_D T_BLE

INDIRECT LOAD TABLE

STARTING ADDRES_ 0?076_

OhUOflfl

OWUO00

OUU2]O

WOPD£ DECIMAl 13736 TBANK 46663

173106

0qn227

0_IIS6

DRAt.!K

c-?



IBAN_ SEGMENTS nR_WN TO SCALE: 200 WOPD5 DECIMAL PER OASH

MN (8792)

_nRlmmmlw_lmm_ml

LINKI* (1704)

_I_I_ (qRO)
_mo

SL2* (29q)

om

SL3* liP30)

GE02* (_7)

GE03* (_15)

GEOq* (_20)

5Lq*

RG _ _56)

ZT* Ig_)

CO* 201_)

GT* 222}

SL5* 2047)

SL6* (Igll

5L7" 12_&)

GE05* (uP7)

200 )

CRY*

CB3*

CBq*

Cg6*

C_7"

C@R*

ZOI* (703)

SKY* (160_}

5L8" (1759)

316)

&12)

7_g)

_n9)

612)

1203)
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LINK2* (64g)
iota

SLPI* (_4_11

St.2_* (1269)

L If'JK_* (_B44)

LINKq* (_OB)

SL41* (1_77)

SLY2* (53_)

SLU]* (I_57)

L_TNKS* r241&l

LINK6* (_8_I)

DRANK gEGMENTS DPA_N TO SC_I E; 70C_ W_nDS DECIMAl_ PeR D_

MN (lqR3'_}

I INKI* ( 112_81
m,

SLI* (_)q)
i

5L_P.* (701
i

913. (% 7)
i

GEr_ I * _1 )

GEOP.* 2_u4 )

GF.n3* 347)

GEnt* 47_0 )
I

G_S* I I 6 )

St.4* ( I_ )

,_G* (20E)

ZT* (_)
ai

I_r,* (676)
I
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L T_K?* (26272)

SLS* (7S_)

CA2* IS7)

m

CRY* _ I 8 )

CBS* % I g )

CRT* 281)

CB8* 6_2)
m

SLh* ( 38)

St.7* (_0)

ZOI* (_6q)

SLS* (7356)

L Ih!K)*

LINK_* (305_11

_t__l*

SL?2*
I

LINKS* (2613P)

LI_,:K6* 1157801

Cl LclW

5Lq2*

_1. u, _*

(592)

(3OR)

(AS6)

SYS$,_LIR_. LEVEL 57
END _ COLLECTION - TTME II.Q21 SECONDS

BPAC_

FURPIIR 0021-02/11-0g=1_

C -i0



APPENDIX D

RECENT BOSOR4 UPDATES

INCLUDING NEW PLOTTING PACKAGE





NEW PLOTTING CAPABILITY IN BOSOR4

The main purpose of Appendix D is to demonstrate an additional plot capability added

to BOSOR4 just before the User's Manual went to press. Figures D-1 through D-7 show

additional plot output corresponding to the test cases given in Appendix A. No additional

input data are required for obtaining this plot output. Figure D-8 shows some plot

output from a new case involving a ring-stiffened cylinder. The purpose of this figure

is to show that portions of the geometry can be selected for expanded plots. However,

in order to obtain expanded plots the user must provide a few additional input control

parameters which are not given on page B-2 nor defined on page B-3. The affected "cards"

are given below:

I _;ECOND AND THIRD CARDS NOW READ

Read INDIC, NPRT, NLAST, ISTRES,

IPRE

• Read NSEG, NCOND, IBOUND, ]]RIGID

CORRESPONDING INPUT FOR EXPANDED
PLOTS

• Read INDIC, NPRT, NLAST, ISTRES,

IPRE, J PLOT

If (JPLOT. EQ. 0) go to 5

• Read (KPLOT(I), I=1, J PLOT)

• Read (LPLOT(I),I=I,JPLOT)

5 Continue

• Read NSEG,NCOND,mOUND,]:RIGID

Definitions:

JPLOT ....... quantity of stations at which expanded plots are desired.

(maximum = 20) (With JPLOT = 0 no expanded plots
are given, but the entire undeformed and deformed

geometry are shown. )

KPLOT(I) .... location of the Ith station for which expanded plots

are desired. Example: 001053 denotes Segment #1,
mesh point #53

LPLOT(I) .... factor by which entire structure should be magnified for

expanded plots about the Ith station identified by KPLOT(I).
Example: 000004 denotes a factor of 4.

D-1



Theinput data for expandedplots correspondingto Fig. D-8 are:

JPLOT = 2

KPLOT(1) = 001022 KPLOT(2) = 002022

LPLOT(1) = 000004 LPLOT(2) = 000008

With these data the 22nd mesh point in Segment #1 is placed approximately at the

center of the frame and a portion of the structure about that point is plotted, however

much can be fit into the frame given the magnification factor of 4. Then the 22rid mesh

point of Segment #2 is placed in the center of the next frame and a portion of the struc-

ture about that point is plotted, however much can be fit into the frame with the magnifi-

cation factor of 8.

The points shown on the plots are the "energy" points (See Section 6), not the

w-points. The deformed structures are plotted by means of a normalization through

which the maximum amplitude of the deformation represents approximately ten percent

of the longest dimension of the structure. Therefore, the user is cautioned not to use

these pictorial representations for quantitative measurement. Their purpose is, of course,

to give the user a better physical picture of what is going on and to help him correct

any mistakes in the input data.

Note in Fig. D-4 that the line load H is shown pointing outward, but that the

displacement w is inward. The reason for this apparent anomaly is that the actual

line load is given as a product of two quantities, H(I) and the circumferential distribution,

in this case PLINI(L, 1). In this case PLINI(L, 1) is negative and H(I) is positive.

(See Tables 1.2 and 1.3 for other examples).

Figure D-12 shows a case of a cylinder with various line loads and moments, both

"fixed" and "variable" (or in this case "initial" and "incremental"). The plots show the

attachment points of the discrete rings and the locations of the ring centroids, as well as the

directions of the applied loads.
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USEOF BOSOR4 FOR THE ANALYSIS OF COMPLEX PANELS

BOSOR4 can be used for the stress, buckling and vibration analysis of prismatic

structures as well as shells of revolution. Complex panels are an example. Figure D-13

shows examples of two models of corrugated, semi-sandwich panels, one in which the

troughs of the corrugations are considered to be bonded to the fiat skin, and the other

in which they are riveted. Alternate models, in which the panel is treated as a giant

annulus rather than a giant cylinder, appear in Fig. D-14. In this figure the length L

is the half-wavelength of the buckling pattern in the circumferential direction of the

large annulus. Simple support conditions are imposed at the inner and outer radii of the

giant annulus. The user has no choice as to boundary conditions on the other two edges,

_. these are the classical "simple support" conditions which result from the harmonic

vu t'iation of the buckling modal displacements around the circumference of the giant

annulus.

Figures D-9 and D-10 show the semi-sandwich corrugated panels with local

expansions. Note in the case of the riveted panel that parts of the corrugations

"penetrate" parts of the fiat sheet, a phenomenon which of course is impossible in

reality. However, if the mode shape in Fig. D-10 is multiplied by minus one, the

right-hand mode shape shown in Fig. D-14(e) results. This failure is clearly possible.

Figure D-11 shows buckling modes of an odd-shaped branched column, called the

"NACA-Y". In all of these cases the structures are submitted to axial compression

and the INDIC = 4, IPRE = 0 branch of BOSOR4 is used.
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